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PERFORATED MICROPARTICLES AND METHODS OF USE 
Field of the Invention 

5 The present invention relates to formulations and methods for the production of perforated 

microstructures which comprise an active agent. In particularly preferred embodiments, the active agent will 
comprise a bioactive agent. The perforated microstructures will preferably be used in conjunction with 
inhalation devices such as a metered dose inhaler, dry powder inhaler or nebulizer for both topical and 
systemic delivery via pulmonary or nasal routes. 

10 

Background of the invention 

Taigeted drug defivery means are particuiariy desirable where toxicity or teoavailability of the 
phamiaceiiticd compound is an issue. Specific drug delivery methods and compositions that effectively deposit the 
compound at the site of action potentially serve to minimize toxic side effects, lower dosing requirments and 

1 5 decrease therapeutic costs. In this regard, the development of such systems for pulmonary drug delivery has long 
been a goal of the phamiaceutical industry. 

The three most common systems presently used to deliver dnigs locally to the pulmonary air passages are 
dry powder inhalers (DPIs), metered dose iiAalers (MDls) and nebulizers. MDls. the most papular method of 
inhalation admirastration, may be used to defiver medicaments in a sdubiized form or as a dispersion. Typically MDls 

20 comprise a Freon or other relatively high vapor pressure propeBant that forces aerosdized medication into the 
respiratory tract upon activation of the device. Uhlike MDls, DPIs generaDy rely entirely on the patient's inspiratory 
efforts to introduce a medcament in a dry powder f onn to the lungs. Finally, nebulizers fomi a meificament aerosd 
to be inhaled by imparting energy to a liquid solution. More recently, direct pulmonary deivery of drugs during Squid 
ventilation or pulmonary lavage using a fluorochemical medium has also been explored. While each of these methods 

25 and assodated systsns may prove effecthre in selected situations, inherent drawbacks, inducfing formdation 
limitations, can limit their use. 

The MDI is dependent on the propdsive force of the propellent system used in its manufacture. 
Traditionally, the propdiant system has consisted of a mixture of chlorofluorocarbons (CFCs) which are 
selected to provide the desired vapor pressure and suspension stability. Currently, CFCs such as Freon 11, 

30 Freon 12, and Freon 114 are the most widely used propellants in aerosol formdations for inhalation 
administration. While such systems may be used to ddiver sdubilized drug, the sdected bioactive agent is 
typicdiy incorporated in the form of a fine particulate to provide a dispersion. To minimize or prevent the 
problem of aggregation in such systems, surfactants are often used to coat the surfaces of the bioactive 
agent and assist in wetting the partides with the aerosol propellent. The use of surfactants in this way to 

3 5 maintain substantidly uraf orm dispersions is sdd to "stabilize" the suspensions. 
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Unfortunately, traditional chlorofiuorocarbon propellants are now believed to deplete stratospheric 
ozone and, as a consequence, are being phased out. This, in turn, has led to the development of aerosol 
formulations for pulmonary drug delivery employing so-called environmentally friendly propellents. Classes of 
propetiants which are believed to have minimal ozone-depletion potential in comparison with CFCs are 
perfluorinated compounds (PFCs) and hydrofluoroalkanes (HFAs). While selected compounds in these classes 
may function effectively as biocompatible propellents, many of the surfactants that were effective in 
stabSizing drug suspensions in CFCs are no longer effective in these new propellant systems. As the solubflity 
of the surfactant in the HFA decreases, diffusion of the surfactant to the interface between the drug particle 
and HFA becomes exceedingly slow, leading to poor wetting of the medicament partides and a loss of 
suspension stability. This decreased solubility for surfactants in HFA propeilants is likdy to result in 
decreased efficacy with regard to any incorporated bioactive agent. 

More generally, drug suspensions in liquid fiuorochemicds, including HFAs, comprise heterogeneous 
systems which usually require redispersion prior to use. Yet because of factors such as patient comiriiance 
obtaining a relatively homogeneous distribution of the pharmaceutical compound is not always easy or 
successful, in addition, prior art formulations comprising micronized particulates may be prone to aggregation 
of the particles uriiich can result in inadequate delivery of the drug. Crystal growth of the suspensions via 
Ostwald ripening may also lead to particle size heterogeneity and can significantly reduce the shelf-life of the 
formulation. Another problem with conventional dispersions comprising micronized dispersants is particle 
coarsening. Coarsening may occur via several mecharosms such as flocculation, fusion, molecular diffusion, 
and coalescence. Over a relatively short period of time these processes can coarsen the formulation to the 
point where it is no longer usable. As such, while conventional systems comprising fluorochemical 
suspensions for MDIs or liquid ventilation are certainly a substantial improvement over prior art non- 
fluorochemical delivery vehicles, the drug suspensions may be improved upon to enable formulations with 
improved stability that also offer more efficient and accurate dosing at the desired site. 

Similarly, conventional powdered preparations for use in DPIs often fail to provide accurate, 
reproducible dosing over extended periods. In this respect, those skilled in the art will appreciate that 
conventional powders (i.e. micronized) tend to aggregate due to hydrophobic or electrostatic interactions 
between the fine particles. These changes in particle size and increases in cohesive forces over time tend to 
provide powders that give undesirable pulmonary distribution profiles upon activation of the device. More 
particulariy, fme particle aggregation disrupts the aerodynamic properties of the powder, thereby preventing 
large amounts of the aerosolized medicament from reaching the deeper airways of the lung where it is most 
effective. 

In order to overcome the unwanted increases in cohesive forces, prior art fonnuiations have 
typically used large carrier particles comprising lactose to prevent the fine drug particles from aggregating. 
Such carrier systems allow for at least some of the drug particles to loosely bind to the lactose surface and 
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disengage upon inhalation. However, substantial amounts of the drug fail to disengage from the large lactose 
particles and are deposited in the throat. As such, these carrier systems are relatively inefficient with 
respect to the fine particle fraction provided per actuation of the DPI. Another solution to particle 
aggregation is proposed in WO 98/31346 wherein particles having relatively large geometric diameters {i.e. 
preferably greater than 10 /ym) are used to reduce the amount of particle interactions thereby preserving the 
flowability of the powder. As with the prior art carrier systems, the use of large particles apparently reduces 
the overall surface area of the powder preparation reportedly resulting in improvements in flowability and fine 
particle fraction. Unfortunately, the use of rdatively large particles may result in dosing limitations when 
used in standard DPIs and provide for less than optimal dosing due to the potentially prolonged dissolution 
times. As such, there still remains a need for standard sized particles that resist aggregation and preserve the 
flowability and dispersibiiity of the resulting powder. 

Accordngly, it is an object of the present invention to provide methods and preparations that 
advantageously allow for the nasal or pulmonary administration of powders having relatively high fine particle 
fractions. 

It is a further object of the present invention to provide stabilized preparations suitable for aerosoiization 
and subsequent adnrinistration to the ptdmonary air passages of a patient in need thereof. 

It is yet another object of the present invention to provide powders that may be used to provide stabiEzed 
dispersions. 

It is still a further oi^t of the present invention to provide powders exhUating relatively low cohesive 
forces that are compatible for use in dry powder inhalers. 

Summary of the Invention 

These aid other objects are provided for by the invention cfisdosed and daimed herein. To that end. the 
methods and associated expositions of the present invention provide, in a broad aspect, for the improved delivery of 
agents to a desired site. More particularly, the present invention may provide for tiie (felivery of bioactive agents to 
selected (Aysiological target sites using perforated microstnicture powders. In preferred enbodiments, the bioactive 
agents are in a fonn for administration to at least a portion of the ptdmonary air passages of a patient in nrad 
thereof. To that end, the present invention provides for the fonnation and use of perforated microstructures and 
delivery systems comprising such powders, as well as individual components thereof. The disclosed powders may 
further be Aspersed in selected suspension media to provide stabifized dispersions. Unlike prior art powders or 
dispersions for drug defivery, the present invention preferably employs novel techniques to reduce attractive forces 
between the partides. As such, the cfisdosed powders exhibit improved flowabUity and dispo'sibilty while the 
disdosed cfispersions exhibit reduced degradation by flocculatioa sedimentation or creanung. Moreover, the 
st^Bized preparations of the present invention preferably comprise a suspension m^ium (e.g. a f luorochemicd) that 
further serves to reduce the rate of degradation with respect to the incorporated bioactive agent. Accordingly, the 
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dispersions or powders of the present invention may be used in conjunction with metered dose inhalers, dry powder 
inhalers atomizers, rebuiizers or liquid dose instillation (LDI) techniques to provide for effective drug delivery. 

With regard to particulariy preferred embodiments, the hdiow and/or porous perforated microstnjctures 
substantidly reduce attractive moiecidar forces, such as van der Waals forces, which dominate prior art powdered 
preparations and dispersions. In this respect the powdered compostions typically have relatively low bulk densities 
which contribute to the flowahiBty of the preparations while provitSng the desired characteristics for inhalation 
therapies. More particulariy, the use of relatively low density perforated (or porous) microstructures or 
microparticulates significantly reduces attractive forces between the partides thereby lowering the shear forces and 
increasing the flowaMity of the resulting powders. The relatively low density of the perforated microstructures also 
provides for superior aerodynanvc performance when used in it^alation therapy. When used in dispersions, the 
physical characteristics of the powders provide for the formation of stable preparations. Moreover, by selecting 
dispersion components in accordance with the tem^hings heron, interparticle attractive forces may further be 
reduced to provide f onnulations having enhanced stalflity. 

Accordingly, select embodments of the invention provide for powifers having increased cfispersildity 
comprising a plurality of perforated nvcrostructures having a bulk density of less than about 0.5 g/cm^ wherein 
said perforated microstructure powder comprises an active agent 

With regard to the perforated microstructures, those skilled in the art will appreciate that they may be 
formed of any biocompatible material proviifing the desired physical characteristics or morphology. In this respect, 
the perforated mh:rostructures wiH preferably comprise pores, voids, defects or other interstitial spaces that act to 
reduce attractive forces by miramizing surface interactions and decreasing shear forces. Yet given ttese 
constraints, it will be appreciated that any material or configuration may be used to form the microstructure matrix. 
As to the selected materials, it is desiraUe that the microstmcture incorporates at least one surfactant. PreferaUy, 
this surfactant will comprise a phosphoBpid or other surfactant approved for pulmonary use. Similariy, it is preferred 
that the microstructures incorporate at least one active agent wNch may be a bioactive agent. As to the 
configuration, particularly prefmed embodments of the invention incorporate spray dried, hollow microspheres 
having a rdatively thin porous wall defining a large internal void, although, other void containing or perforated 
structures are contemplated as well. In preferred embodiments the perforated microstructures wSI further comprise 
a bioacthre agent. 

Accordingly, the present invention provides for the use of a bioact'nre agent in the manufacture of a 
mecf cammit for pubnonary deBvery whereby the medKament comprises a plurality of perforated microstructures 
which are aerosofized using an inhalation device to provide aerosoSzed mecficament comprising said bioactive agent 
wherein said aerosoSzed medicament is administered to at least a portion of the nasal or pulmonary mr passages of a 
patient in need thereof. 

It wifl further be appreciated that in sdected embodiments, the present invention comprises methods for 
farming perforated microstructures that exhibit improved dispersibBity. In this regard, it wil be appreciated that the 
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(fisdosed perforated microstructures reduce attractive molecular forces, such as van der Waals forces, which 
dominate prior art powdered preparations. That is, unlike piior art preparations comprising relatively dense, sdid 
partides or nonporous partides |e.g. micronized), the powdered compositions of the present invention exhibit 
increased flowabilitv and dispersifailitY due to the lower shear forces. In part, this reduction in cohesive forces is a 
result of the novel production methods used to provide the desired powders. 

As such, preferred embodiments of the invention provide methods for forming a perforated 
microstructure comprising the steps of: 

providing a iiqiad feed stock comprising an active agent; 

atomizing said liquid feed stock to produce dspersed liquid dro^dets; 

drying said Bquid droplets under predetermined conditions to form perforated microstructures comprising 
said active agenf and 

cdlecting said perforated microstructures. 

With regard to the fonnation of the perforated microstructures it will be appredated that, in preferred 
embodments, the partides will be spray dried using commerciaDy available equipment. In this regard the feed stock 
wiD preferably comprise a blowing agent that may be selected from fiuorinated compounds and nonfluorinated oils. 
Preferably, the fiuorinated compounds will have a boSing pdnt of greater than about 60*'C. Within the context of the 
instant invention the fiuorinated blowing agent may be retained in the perforated nvcrostnictures to further increase 
the dispersibility of the resulting powder or improve the stability of dispersions incorporating the same. Further, 
nonfluorinated oils may be used to increase the solubility of sdected bioactive agents ie.g. sterdds) in the feed stock, 
resdting in increased concentrations of bioactive agents in the perforated microstructures. 

As discussed above, the dispersibility of the perforated microstructure powders may be increased by 
redudng, or minimizing, the van der Waals attractive forces between the constituent perforated 
microstructures. In this regard, the present invention further provides methods for increasing the dispersibility 
of a powder comprising the steps of: 

providing a liquid feed stock comprising an active agent' and 

spray drying said liquid feed stock to produce a perforated microstructure powder having a bdk density of 
less than about 0.5 gfcm^ wherein said powder exhibits reduced van der Waals attractive forces when compared to a 
relativdy non-porous powiter of the same composition. In particdariy preferred embocfiments the perforated 
microstructures w3l comprise hdlow, porous microspheres. 

The blowing agent may be dispersed in the carrier using techniques known in the art for the 
production of homogenous dispersions such a sonication, mechanical mixing or lugh pressure homogenization. 
Other methods contemfdated for the dispersion of blowing agents in the feed solution include co-mixing of 
two fluids prior to atomization as described for double, nebulization techniques. Of course, it will be 
appredated that the atomizer can be customized to optimize the desired particle characteristics such as 
partide size, in special cases a double Hquid nozzle may be onployed. In another embociment, the blowing 
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agent may be dispersed by introducing the agent into the solution under elevated pressures such as in the 
case of nitrogen or carbon dioxide gas. 

As to the delivery of perforated microstructure powders or stabilized dispersions, another aspect of 
the present invention is directed to inhalation systems for the administration of one or more bioactive agents 
S to a patient. As such, the present invention provides systems for the pulmonary administration of a bioactive 
agent to a patient comprising: 

an inhalation device comprising a reservoir; and 

a powder in said reservoir wherein s^d powder comprises a (durality of pof orated nucrostructures having 
a bulk density of less than about 0.5 gicm^ wherein said perforated microstructure powder comprises a bioactive 

10 agent whereby said inhalation device provides for the aerosolized administration of said powcter to at least a portion 
of the pulmonary air passages of a patient in need thereof. As alluded to above, it wifl be appreciated that an 
inhalation device may comprise an atomizer, a sprayer, a dry powder inhaler, a metered dose inhaler or a nebulizer. 
Moreover, the reservior may be a unit dose container or bulk reservior. 

In other emodiments, the prorated nricrostmcture powders may be dispersed in an appropriate 

1 S suspension medium to provide staUized (fispersions for deCvery of a selected agent Such dispersions are particulariy 
useful in metered dose inhalers and ndiulizers. In this regard, particulariy preferred suspension mediums comprise 
fluorochemicals {e.g. perfiuorocarbons or fluorocarbons) that are liquid at room temperature. As discussed above. It 
is well established that many fluorochemicals have a proven history of safety and biocompatibility in the lung. 
Further, in contrast to aqueous solutions, fluorochemicals do not negatively impact gas exchange. Moreover, 

20 because of their unique wettabBity characteristics, fluorochemicals may be able to provide for the dspersion of 
partides deeper into the lung, thereby improving systemic delivery. Finally, many fluorochemicals are also 
bacteriostatk: thereby decreasing the potential for microbial growth in compatible preparations. 

Whether administered in the form of a dry powder or staUlized dispersion, the present invention provides 
for the effective delivery of bioactive agents. As used herein, the terms "bioactive agent** refers to a substance 

25 which is used in connection with an application that is therapeutic or diagnostic in nature, such as methods for 
dia^osing the presence or absme of a disease in a patient and/or methods for treating disease in a patient. As to 
compatible Uoacthre ^ents, those skilled in the art will appreciate that any therapeutk: or diagnostic agent may be 
incorporated in the stabifized dispersions of tte present invention. For example, the bioactive agem may be selrcted 
from the group consisting of antiallergics, bronchodilators, bronchoconstrictors, pulmonary lung surfactants, 

30 analgescs, antibiotics, leukotriene inhibitors or antagonists, anticholinergics, mast cell iidiibitors, antihistamines, 
antnnfiammatories, antineoplastics, anesthetics, anti-tuberoulars, imaging agents, cardiovascular agents, enzymes, 
steroids, genetk: material, vird vectors, antisense agents, proteins, peptides and combinations thereof. In preferred 
embodiments the bioactive agents comprise compounds wt^ch are to be administered systemk:aiiy ri.e. to the 
systemu: circulation of a patient) such as peptides, proteins or polynucleotides. As will be dsdosed in more detail 

-6- 
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b^ow, the bioactive agent may be incorporatei blended in, coated on or othenwise associated vwith the perforated 
microstructura 

Accordingly, the present invention provides methods for the pulmonary delivery of one or more bioactive 

agents comprising the steps of: 

providing a powder comprising a plurality of perforated microstructures having a bulk density of less 

than about 0.5 g/cm^ wherein said perforated microstructure powder comprises a bioactive agent- 
aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 
admiristering a therapeutically effective amount of sad aerosofized medicament to at least a portion of the 

nasal or pulmonary passages of a patient in need thereof. 

As used herein the term "aerosolized" shall be held to mean a gaseous suspension of fine solid or 

liquid particles unless otherwise dictated by contextual restraints. That is, an aerosol or aerosolized 

medicament may be generated, for example, by a dry powder inhaler, a metered dose inhaler, an atomizer or a 

nebulizer. 

With respect to the disclosed powders, the sdected agent or bioactive agent, or agents, may be used as 
the sole structural component of the perforated microstructures. Conversely, the perforated microstructures may 
comprise one or more components (i.e. structural materials, surfactants, exdpients, etc.) in adtfition to the 
incorporated agent. In particularly preferred «nbodiments, the suspended perforated microstructures will comprise 
relatively high concentrations of surfactant (greater tiian about 10% w/w) along with an incorporated teoactive 
agent(s). finally, it should be appreciated that the particulate or perforated microstructure may be coated, linked or 
othenMse associated with an agent or bioactive agent in a non-integral manner. Whatever configuration is selected 
it wOl be appreciated that any associated bioactive agent may be used in its natural f onn, or as one or more salts 
known in the art. 

While the powders or stabilized dispersions of the present invention are particularly suitable for the 
pulmonary administration of bio^tive agents, they may also be used for the localized or systemic 
administration of compounds to any location of the body. Accordingly, it should be emphasized that, in 
preferred embodiments, the formulations may be administered using a number of different routes including, 
but not limited to, the gastrointestinal tract the respiratory tract topically, intramuscularly, intraperitoneally, 
nasally, vaginally, rectally, aurally, orally or ocularly. 

Other objects, features and advamages of the present invemion wili be apparent to those skilled in the art 
from a con^deration of the following detailed description of preferred exemplary embodiments thereof. 

Brief Description of the Drawinos 

Figs. 1 A1 to 1F2 illustrate changes in particle morphology as a function of variation in the ratio of 
fluorocarbon blowing agent to phospholipid (PFC/PCI present in the spray dry feed. The micrographs, 
produced using scanning electron microscopy and transmission electron microscopy techniques, show that in 



wo 99/16419 



PCT/US98/20602 



the absence of PCs, or at low PFC/PC ratios, the resulting spray dried microstructures comprising gentamicin 
sulfate are neither particularly hollow nor porous. Conversely, at high PFCfPC ratios, the particles contain 
numerous pores and are substantially hollow with thin walls. 

Fig. 2 depicts the suspension stability of gentamicin particles in Perflubron as a function of 
formulation PFC/PC ratio or particle porosity. The particle porosity increased with increasing PFC/PC ratio. 
Maximum stability was observed with PFCfPC ratios between 3 to 15, illustrating a preferred morphology for 
the perflubron suspension media. 

Fig. 3 is a scanning electron microscopy image of perforated microstructures comprising cromolyn 
sodium illustrating a preferred hollow/porous morphology. 

Figs. 4A to 4D are photographs illustrating the enhanced stability provided by the dispersions of the 
present invention over time as compared to a commerdal cromolyn sodium formulation (intat*, Rhone Poulenc- 
Rorer). In the photographs, the commercial formulation on the left rapidly separates while the dispersion on 
the right formed in accordance with the teachings herein, remains stable over an extended period. 

Fig. 5 presents results of in-vitro Andersen cascade impactor studies comparing the same hollow 
porous albuterol sulfate formulation delivered via a MOI in HFA-134a, or from an exemplary DPI. Efficient 
delivery of particles was observed from both devices. MDl delivery of the particles was maximized on plate 4 
corresponding to upper airway delivery. DPI ddivery of the particles results in substantial deposition on the 
later stages in the impactor corresponding to improved systemic delivery in-vivo. 

Detailed Description Preferred Embodments 

While the present invention may be embodied in many cifferent forms, disclosed herein are specific 
illustrative embodiments thereof that exemplify the principles of the invention. It should be emphasized that 
the present invention is not limited to the specific embodiments illustrated. 

As discussed above, the present invention provides methods, systems and compositions that 
comprise perforated microstructures which, in preferred embodiments, may advantageously be used for the 
delivery of bioactive agents. In particularly preferred embocfiments, the disclosed perforated microstructure 
powders may be used in a dry state (e.g. as in a DPI) or in the form of a stabilized dispersion (e.g. as in a MDl, 
LDI or nebidizer formulation) to deliver Uoactive agents to the nasal or pulmonary air passages of a patient. It 
will be appreciated that the perforated microstructures disclosed herein comprise a stnictural matrix that exhibits, 
defines or comprises voids, pores, defects, hollows, spaceSr interstitial spaces* apertures, perforations or holes. The 
absolute shape (as opposed to the morphology) of the perforated microstructure is generally not critical and any 
overall configuration that provides the desired characteristics is contemplated as being within the scope of the 
invention. Accordingly, preferred embodiments can comprise approximately microspherical shapes. However, 
coUapsedr def onned or fractured particulates are also compatible: With this caveat, it wiD further be appreciated 
that particulariy preferred embodiments of the invention comprise spray dried hollow, porous microspheres. In any 
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case the disclosed powders of perforated microstn^tures provide several advantages including, but not limited to, 
increases in suspension stability, improved dispersibility, superior sampling characteristics, elimination of 
carrier particles and enhanced aerodynamics. 

Those skilled in the art will appreciate that many of these aspects are of particular use for dry 
5 powder inhaler applications. Unlike prior art formulations, the present invention provides unique methods and 
compositions to reduce cohesive forces between dry particles, thereby minimizing particulate aggregation 
which can result in an improved delivery efficiency. As such, the disclosed preparations provide a highly 
flowable, dry powders that can be efficiently aerosolized, uniformly delivered and penetrate deeply in the lung 
or nasal passages. Furthemiore, the perforated microstructures of the present invention result in surprisingly 

1 0 low throat deposition upon administration. 

In preferred embodiments, the perforated microstructure powders have relatively low bulk density, 
allowing the powders to provide superior sampling properties over compositions known in the art. Currently, 
as explained above, many commercial dry powder formulations comprise large lactose particles which have 
micronized drug aggregated on their surface. For these prior art formulations, the lactose particles serve as a 

1 5 carrier for the active agents and as a bulking agent, thereby providing means to partially control the fine 
particle dose delivered from the device, in addition, the lactose particles provide the means for the 
commercial filling capability of dry particles into unit dose containers by adding mass and volume to the 
dosage form. 

By way of contrast, the present invention uses methods and compositions that yield powder 

20 formidations having extraordinarily low bulk density, thereby reducing the minimal filling weight that is 
commercially feasible for use in dry powder inhalation devices. That is, most unit dose containers designed 
for DPIs are filled using fixed volume or gravimetric techniques. Contrary to prior art formulations, the . 
present invention provides powders wherein the active or bioactive agent and the incipients or bulking agents 
make up the entire inhaled particle. Compositions according to the present invention typically yield powders 

25 with bulk densities less than 0.5 g/cm^ or 0.3 qlcxn\ preferably less 0.1 g/cm^ and most preferably less than 
0.05 g/cm^ By providing particles with very low bulk density, the minimum powder mass that can be filled 
into a unit dose container is reduced, which eliminates the need for carrier particles. That is, the relatively 
low density of the powders of the present invention provides for the reproducible administration of relatively 
low dose phamiaceutical compounds. Moreover, the elimination of carrier particles will potentially minimize 

30 throat deposition and any "gag** effect, since the large lactose particles will impact the throat and. upper 
airways due to their size. 

In accordance with the teachings herein the perforated microstructures will preferably be provided 
in a "dry" state. That is the microparticles will possess a moisture content that allows the powder to remain 
chemically and physically stable during storage at ambient temperature, and easily dispersible. As such, the 

3S moisture content of the microparticles is typically less than 6% by weight, and preferably less 3% by weight. 
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In some instances the moisture content will be as low as 1 % by weight. Of course it will be appreciated that 
the moisture content is, at least in part, dictated by the formulation and is controlled by the process 
conditions employed, e.g., inlet temperature, feed concentration, pump rate, and blowing agent type, 
concentration and post drying. 

With respect to the composition of the structural matrix defiling the perforated microstructures, they may 
be formed of any material which possesses phy^al and chemical characteristics that are compatible with any 
incorporated active agents. While a wide variety of materids may be used to form the particles, in particidariy 
preferred pharmaceutical embodiments the structural matrix is associated with, or comprises, a surfactant such as 
phosphoiiptd or fluorinated surfactant. Although not rsiiired, the incorporation of a compatible surfactant can 
improve powder flowability, increase aerosol effic^ncy, improve dispersion stability, and facilitate preparation of a 
suspension. It will be appreciated that, as used herein, the terms "structural matrix" or "microstructure matrix** are 
equivalent and shal be held to nman any solid material fomiing the perforated rrncrostnictures which define a 
plurality of void$, apertures, hoDow$, defects, pores, holes, fissures, etc. that provide the desired characteristics. In 
preferred embiKliments, the perforated microstmcture defined by the structural matrix comprises a spray dried 
holiow porous microsphere incorporating at least one surfactant. It will fialher be appreciated that by altering the 
matrix components, the density of the structural matrix may be ad^ed. Finaliy, as will be discussed in further 
detail below, the perforated microstructures preferably comprise at least one active or bioactive agent. 

As indcatedt the perforated microstructures of the preset inventitm may optionally be associated vuithr or 
comprise, one or ntore surfactants. Moreover, misdble surfactants may optionally be combined in the case where 
the microparticles are formulated in a suspension medium Gquid phase. It will be appreciated by those skilled in the 
art that the use of surfactants, while not necessary to practice the instant invention, may further increase disp^on 
stabiity, powder flowabiiity, simpGfy fonnuiation procedures or increase efficiency of deGvery. Of course 
combinations of surfactants, including the use of one or more in the liquid phase and one or more associated with the 
perforated microstructures are comemplated as being within the scope of the invention. By ''associated with or 
comprise" it is meant that the structural matrix or perforated microstructure may incorporate, adsorhr absorb, be 
coated with or be formed by the surfactant. 

In a broad sense, surfactants suitable for use in the present invention include any compound or composition 
that ffids in the formation of perforated microparticles or provides enhanced suspension stability, unproved powder 
dispersibility or decreased particle aggregation. The surfactant may comprise a single compound or any combination 
of compounds, stich as in the case of co-surfactants. Particularly preferred surfactants are nonfluorinated and 
selected from the group consisting of saturated and unsaturated lipids, nonioruc detergents, nonionic block 
copolymers, ionic surfactants and combinations thereof. In those embodiments comprising stabilized 
dispersions, such nonfluorinated surfactants will preferably be relatively insoluble in the suspension medium. 
It should be emphasized that, in addition to the aforementioned surfactants, suitable fluorinated surfactants 
are compatible with the teachings herein and may be used to provide the desired preparations. 
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Lipids, including phospholipids, from both natural and synthetic sources are particularly compatible 
with the present invention and may he used in varying concentrations to form the structural matrix. 
Generally compatible lipids comprise those that have a gel to liquid crystal phase transition greater than about 
40°C. Preferably the incorporated lipids are relatively long chain (i.e. C^g C22) saturated lipids and more 
preferably comprise phospholipids. Exemplary phospholipids useful in the disclosed stabilized preparations 
comprise, dipalmitoylphosphatidyicholine, disteroylphosphatidylcholine, diarachidoylphosphatidylcholine 
dibehenoylphosphatidylcholine, short-chain phosphatidylcholines, long-chain saturated 
phosphatidyiethanolamines, long-chain saturated phosphatidylserines, long-chain saturated 
phosphatidylglycerols, long-chain saturated phosphatidylinositols, glycolipids, ganglioside 6M1, sphingomyelin, 
phosphatidic acid, cardiolipin; lipids bearing polymer chains such as polyethylene glycol, chitin, hyaluronic acid, 
or polyvinylpyrrolidone; lipids bearing sulfonated mono-, di-, and polysaccharides; fatty acids such as palmitic 
acid, stearic acid, and oleic add; cholesterol, cholesterol esters, and cholesterol hemisuccinate. Due to their 
excellent biocompatifaility characteristics, phospholipids and combinations of phospholipids and poloxamers 
are particularly suitable for use in the pharmaceutical embodiments disclosed herein. 

Compatible nonionic detergents comprise: sorbitan esters including sorbitan trioleate (Span^^ 85L 
sorbitan sesqinoleate, sorbitan monooleate, sorbitan monolaurate, ptriyoxyethylene (20) sorbitan monoiaurate, 
and poiyoxyethylene (20) sorbitan monooleate, oleyl polyoxyethylene (2) ether, stearyi polyoxyethylene (2) 
ether, tauryi polyoxyethylene (4) ether, glycerd esters, and sucrose esters. Other suitable nonionic detergents 
can be easily identified using McCutcheon's Emuisifiers and Detergents (McPubiishing Co., Glen Rock, New 
Jersey) which is incorporated herein in its entirety. Preferred block copolymers include cfiblock and triblock 
copolymers of polyoxyethylene and polyoxypropylene, induing poloxamer 188 (Pluronic^ F-68), poloxamer 
407 (Pluronic^' F-127), and poloxamer 338. Ionic surfactants such as sodium sulfosucdnate, and fatty add 
soaps may also be utilized, in preferred embodiments the microstructures may comprise deic acid or its alkali 
salt. 

In addition to the aforementioned surfactants, cationic surfactants or lipids are preferred especially 
in the case of ddivery or RNA or DMA. Examples of suitable cationic lipids indude: DOTMA, N [1-(2,3- 
dioleyloxy)propyiM\l,N,N trimethylammonium chloride; DOTAP, 1,2 dideyloxy-3(trimethyiammonio)propane; 
and DOTB, 1,2 dideyl-3 (4' trimethylammonio)but8noyl-sn-glycerol. Polycationic amino acids such as 
pdylysine, and polyarginina are also contemplated. 

Besides those surfactants enumerated above, it will further be appreciated that a wide range of 
surfactants may optiondiy be used in conjunction with the present invention. Moreover, the optimum 
surfactant or combination thereof for a given application can readily be determined by empirical studies that 
do not require undue experimentation. Hnally, as discussed in more detail bdow, surfactants comprising the 
structurd matrix may also be useful in the formation of precursor oil-in water emulsions (i.e. spray drying feed 
stock) used during processing to form the perforated microstructures. 
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Udike prior art f orniiiations, it has surprisingly been found that the incorporation of reiativeiy i^gh levels of 
surfactants ie.g., phospholipds) may be used to improve powder dspersibifity, increase suspension stability and 
decrease powder aggregation of the disclosed applications. That is, on a weight to weight basis, the structure 
matrix of the perforated microstructures may comprise rdatively high levds of surfactant. In this regard tte 

5 perforated microstructures will preferably comprise greater than about 1 5%, 1 0%, 1 5%, 1 8%, or even 20% wlw 
surfactant. More preferably, the perforated microstructures will comprise greater than about 25%, 30%, 35%, 40%, 
45%, or 50% w/w surfactant. Still other exemplary emfaotfiments wnll comprise perforated microstructures wherein 
the surfactant or surfactants are present at greater than about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 
even 95% wlw. In selected onbodiments the perforated microstructures will comprise essentially 100% w/w of a 

10 surfactant such as a phospholipid. Those skilled in the art will appreciate that, in such cases, the balance of the 
structural matrix (where applkiable) will Skely comprise a bioactive agent or non surface active exdpients or 
additives. 

WNie such surfactant levels are preferably employed in perforated microstnictures, they may be used to 
provide stabilized systems comprising rdativeiy nonporous, or substantially solid, particulates. That is, while preferred 

15 emboctments will comprise perforated microstructures associated with high levels of surfactant acceptable 
microspheres may be fomied using relatively low porosity particulates of the same surfactant concentration (i.e. 
greater than ^out 20% w/w). In this respect such high surfactant embodiments are specifk:ally contemfriated as 
being within the scope of the present invention. 

In other preferred embodiments, of the invention the structural matrix defining the perforated 

20 microstructure optionally comprises synthetic or natural polymers or combinations thereof. In this respect useful 
polymers comprise pdyiactides, polylactide^lycolides, cydodextrins, polyacrytates, methylcelluloser 
carboxymethylcellulose, polyvinyl alcohols, pdyanhydrides, polytactams, pdyvinyl pyrrdidones, pdysaccharides 
(dextrans, starches, chitin, chitosarv etc.), hyaluronic acid, proteins, (dbumin, cdlagea gdatin, etc.). Examples of 
polymeric resins that would be useful for the preparation of perforated ink microparticles include: styrene- 

25 butadiene, styrene-isoprene, styrene-acrylonitrile, ethylene-vinyl acetate, ethylene acrylate, ethylene-acrylic 
add, ethyiene-methyiacrylatate, ethylene-ethyl acrylate, vinyl-methyl methacrylate, acrylic add-methyl 
methacrylate, and vinyl chloride-vinyl acetate. Those skiled in the art wOi appredate that by selecting the 
appropriate polymers, the delivery efficiency of tte perforated microparticles and/or the stability of the dispersions 
may be tdlored to optimize the effectiveness of the active or bioactive agent. 

30 Besides the aforementioned polymer materids and surfactants, it may be desirable to add other 

excipients to a microsphere formulation to improve particle rigidity, production yidd, ddivery efficiency and 
deposition, shdf-life and patient acceptance. Such optional excipients indude, but are not limited to: coloring 
agents, taste masking agents, buffers, hygroscopic agents, antioxidants, and chemical, stabilizers. Further, 
various excipients may be incorporated in, or added to, the particidate matrix to provide structure and form to 

35 the perforated microstructures (i.e. microspheres such as latex particles). In this regard it will be appreciated 
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that the rigidifying components can be removed using a post-production technique such as selective solvent 
extraction. 

Other rigidifying excipients may include, but are not limited to, carbohydrates including 
monosaccharides, disaccharides and polysaccharides. For example, monosaccharides such as dextrose 
(anhydrous and monohydrate), galactose, mannitol, D-mannose, sorbitol, sorbose and the like; disaccharides 
such as lactose, maltose, sucrose, trehalose, and the like; trisaccharides such as raffinose and the like; and 
other carbohydrates such as starches (hydroxyethylstarchl, cyclodextrins and maltodextrins. Amino acids are 
also suitable excipients with glycine preferred. Mixtures of carbohydrates and amino acids are further held to 
be within the scope of the present invention. The inclusion of both inorganic (e.g. sodium chloride, calcium 
chloride, etc.), organic salts (e.9. sodium citrate, sodium ascorbate, magnesium gluconate, sodium gluconate, 
tromethamine hydrochloride, etc.) and buffers is also contemplated. The inclusion of salts and organic solids 
such as ammonium carbonate, ammonium acetate, ammonium chloride or camphor are also contemplated. 

Yet other preferred embodiments include perforated microstructures that may comprise, or may be coated 
with, charged species that prolong residence time at the point of contact or enhance penetration through mucosae. 
For exffnple, anionic charges are known to favor mucoadhesion whie catiorec charges may be used to associate the 
fanned microparticdate with negatively charged hioactive agents such as genetic material. The charges may be 
imparted through the association or incorporation of polyanionic or pdycationic materials such as polyacrylic adds, 
pdyiysine, polyiactic acid and chitosan. 

In addition to, or instead of, the components discussed above, the perforated microstructures will 
preferably comprise at least one active or bioactive agent. As used herein, the term "active agent" simply refers to a 
substance that enables the perforated microstructures to perfomi the desir^ function. Further, the term "active 
agent" shall be held inclusive of the term "bioactive agent" unless otherwise dictated by contextual restrants. 
As to the term "tsoactive agent" it shall be held to comprise any substance tiiat is used in connection with the 
diagnosis or treatment of a disease, condition or physioiogical abnormality in a patient. Particulariy preferred 
bioactive agents for use in accordance with the invention include anti-allergics, peptides and proteins, pulmonary lung 
surfactants, bronchotflators and anti inflammatory steroids for use in the treatment of respiratory disorders such as 
asthma by ii^atation therapy. Preferred active agents for use in accordance with the present invention include 
pigments, dyes, inks, paints, detergents, food sweeteners, spices, adsorbants, absorbents, catalysts, 
nucleating agents, thickening agents, polymers, resins, insulators, fillers, fertilizers, phytohonmones, insect 
pheromones, insect repellents, pet repellents, antifouling agents, pesticides, fungicides, dianfectants, 
perfumes, deodorants, and combinations of thereof. 

It vuill be appreciated that the perforated microstructures of the present invention may exclusively 
comprise one or more active or bioactive agents (i.e. 100% w/w). However, in selected embodiments the perforated 
microstructures may incorporate much less bioactive agent depending on the activity thereof. Accordingly, for highly 
active materials the perforated microstructures may incorporate as littie as 0.001% by weight although a 
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concentration of greater than about 0.1 % w/w is preferred. Other embodiments of the invention may comprise 
greater than about 5%, 10%, 15%, 20%, 25%, 30% or even 40% wlw active or bioactive agent. Still more 
preferably the perforated microstructures may comprise greater than about 50%, 60%, 70%, 75%, 80% or even 
90% w/w active or bioactive agent. The precise amount of active or bioactive agent incorporated in the perforated 
miaostructures of the present invention is dependent upon the agent of choice, the required dose, and the form of 
the qent actually used for incorporation. Those skilled in the art will appreciate that such detenninations may be 
made by using weH-known phamiacological techniques in combination with the teachings of tte present invention. 

With regard to pharmaceutical preparations, any bioactive agent that may be formulated in the 
disclosed perforated microstructures is expressly held to be within the scope of the present invention. In 
particularly preferred embodiments, the selected bioactive agent may be administered in the form of an 
aerosolized medicaments. Accordingly, particularly compatible bioactive agents comprise any drug that may 
be formulated as a fiowable dry powder or which is relatively insoluble in selected dispersion media. In 
addition, it is preferred that the formulated agents are subject to pulmonary or nasal uptake in physiologicafly 
effective amounts. Compatible bioactive agents comprise hydrophilic and lipophilic respiratory agents, ptdmonary 
surfactants, bronchodilators, antibiotics, antivirais, anti-inflammatories, steroids, antihistaminu:s, ieukotriene 
inKbitors or antagonists, antichofinergics, antineoplastics, anesthetics, enzymes, cardiovascular agents, genetic 
material indmfing DNA and RNA, viral vectors, immunoactive agents, imaging agents, vaccines, immunosuppressive 
agents, peptides, proteins and combinations thereof. Particularly preferred Uoactive agents for inhalation 
therapy comprise mast cell inhibitors (antt-allergics), bronchodilators, and anti-inflammatory steroids such as, 
for example, cromoglycate (e.g. the sodium salt), and albuterol (e.g. the sulfate sdt). 

More specifically, exemplary medicaments or bioactive agents may be selected from, for example, 
analgesics, e.g. codeine, dihydromorphine, ergotamine, fentanyl, or morphine; anginal preparations, e.g. 
diltiazem; mast cell inhibitors, e.g. cromolyn sodium; antiinfectives, e.g. cephalosporins, macrolides, quinolines, 
penicillins, streptomycin, sulphonamides, tetracyclines and pentamidine; antihistamines, e.g. methapyrilene; 
anti-inflammatories, e.g. fluticasone propionate, bedomethasone dipropionate, flunisoiide, budesonide, 
tripedane, cortisone, prednisone, prednisiione, dexamethasone, betamethasone, or triamcinolone acetonide; 
antitussives, e^. noscapine; bronchodilators, e.g. ephedrine, adrenaline, fenoterol, formoterol, isoprenaline, 
metaproterenol, salbutamol, albuterol, salmeterol, terbutaline; diuretics, e.g. amiioride; anticholinergics, e.g. 
ipatropium, atropine, or oxitropium; lung surfactants e.g. Surfaxin, Exosurf, Survanta; xanthines, e.g. 
aminophylline, theophylline, caffeine; therapeutic proteins and peptides, e.g. DNAse, insulin, glucagon, LHRH, 
nafareiin, gosereiin, leuprotide, interferon, rhu IL-1 receptor, macrophage activation factors such as 
lymphokines and muramyl dipeptides, opioid peptides and neuropeptides such as enkephalins, endophins, renin 
inhibitors, chdecystokinins, DNAse, growth homiones, Ieukotriene inhibitors and the like. In addition, 
bioactive agents that comprise an RNA or DNA sequence, particulariy those usefid for gene therapy, genetic 
vacdnation, genetic tolerization or antisense applications, may be incorporated in the disclosed dispersions as 
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While several procedures are generally compatible with the present invention, particularly preferred 
embodiments typically comprise perforated microstructures fornied by spray drying. As is well known, spray drying 
is a one-step process that converts a liquid feed to a dried particulate form. With respect to pharmaceutical 
applications, it will be appreciated that spray drying has been used to provide powdered material for various 
administrative routes including inhalation. See, for example, M. Sacchetti and M.M. Van Oort in: Inhalation 
Aerosols: Physical and Biological Basis for Therapy, AJ. Hickey, ed. Marcel Oekkar, New York, 1996, which 
is incorporated herein by reference. 

In general, spray drying consists of bringing together a highly dispersed liquid, and a sufficient 
volume of hot air to produce evaporation and drying of the liquid droplets. The preparation to be spray dried 
or feed (or feed stock) can be any solution, course suspension, slurry, colloidal dispersion, or paste that may 
be atomized using the selected spray drying apparatus. In preferred embodiments the feed stock will 
comprise a colloidal system such as an emulsion, reverse emulsion, microemulsion, multiple emulsion, 
particulate dispersion, or slurry. Typcally the feed is sprayed into a current of warm filtered air that 
evaporates the solvent and conveys the dried product to a collector. The spent air is then exhausted with the 
solvent. Those skilled in the art will appreciate that several different types of apparatus may be used to 
provide the desired product. For example, commercial spray dryers manufactured by Buchi Ltd. or Niro Corp. 
will effectively produce particles of desired size. 

It will further be appreciated that these spray dryers, and specifically their atomizers, may be 
modified or customized for specialized applications, ue. the simidtaneous spraying of two solutions using a 
double nozzle technique. More specifically, a water-in oil emulsion can be atomized from one nozzle and a 
solution contaning an anti-adherent such as mannitol can be co-atomized from a second nozzle. In other 
cases it may be dearable to push the feed solution though a custom designed nozzle using a high pressure liquid 
chromatography (HPLC) pump. Provided that microstructures comprising the correct morphology and/or composition 
are produced the choice of apparatus is not critical and woidd be apparent to the skilled artisan in view of the 
teachings herein. 

WMIe the resulting spray-dried powdered particles typically are approximately spherical in shape, 
neariy unifomi in size and frequently are hollow, there may be some degree of irregularity in shape depending 
upon the incorporated medicament and the spray drying conditions. In many instances dispersion stability 
and cfispersibility of the perforated microstructures appears to be improved if an inflating agent (or blowing 
agent) is used in their production. Particularly preferred embodiments may comprise an emulsion with the 
inflating agent as the disperse or continuous phase. The inflating agent is preferably dispersed with a surfactant 
solution, using, for instance, a commercially available microfluidizer at a pressure of about 5000 to 1B,000 psi. This 
process fonns an emiilsioa preferably stabyized by an incorporated surfactant, typically comprising submicron 
droplets of water immisdbie blowing agent dispersed in an aqueous continuous phase. The fonnation of such 
emulsions using this and other techniques are common and well known to those in the art. The blowing, agent is 
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described herein. Representative DI\!A plasmids include, but are not limited to pCMVP (available from 
Genzyme Corp, Framington, MA} and pCMV-P-gal ia CMV promoter linked to the E. coii Lac-Z gene, which 
codes for the enzyme P-galactosidase). 

In any event, the selected active or bioactive agentis) may be associated with, or incorporated in, 
the perforated microstructures in any form that provides the desired efficacy and is compatible with the 
chosen production techniques. As used heran, the terms "associate" or "associating" mean that the structural 
matrU or perforated mbrostructure may comprise, incorporate, adsorb, absorb, be coated with or be fomied by the 
active or bioactive agent. Where appropriate, the actives may be used in the form of salts ie.g. alkali metal or 
amine salts or as add addition salts) or as esters or as solvates (hydrates). In this regard the form of the 
active or bioactive agents may be selected to optimize the activity andfor stability of the actives andfor to 
minimize the sotuUlity of the agent in the suspension medium andfor to minimiza particle aggregation. 

It will further be appreciated that the perforated microstructures according to the invention may, if 
desired, contain a combination of two or more active ingredients. The agents may be provided in combination 
in a single species of perforated microstructure or inifividuaily in separate species of perforated 
microstructures. For example, two or more active or Uoactive agents may be incorporated in a single feed 
stock preparation and spray dried to provide a single microstructure species comprising a plurality of active 
agents. Conversely, the individual actives could be added to separate stocks and spray dried separately to 
provide a plurality of microstructure species with different compositions. These indvidual species could be 
added to the suspension medium or dry powder dispensing compartment in any desired proportion and placed 
in the aerosol delivery system as described below. Further, as alluded to above, the perforated 
microstructures (with or without an associated agent) may be combined with one or more conventional |e.g. a 
micronized drug) active or bioactive agents to provide the desired dispersion stability or powder dispersibiiity. 

Based on the foregoing, it will be appreciated by those skilled in the art that a wide variety of active or 
bioactive agents may be incorporated in the dsdosed perforated microstnictures. Accordngly, the list of preferred 
active agents above is exemplary only and not intended to be biiXmq. It will also be appreciated by those skilled in 
the art that the proper anount of bioactive agent and the timing of the dosages may be detenrined for tiie 
fonnulations in accordance with already existing information and without undue experimentation. 

As seen from the passages above, various components may be associated with, or incorporated in the 
perforated microstructures of the present invention. Sindariy, several techniques may be used to provide 
particulates having the desired morphology (e.g. a perforated or hdlow/porous configuration), dispersibflity and 
density. Among other methods, perforated nucrostmctures compatible with the instant invention may be fonmed by 
techniques including spray drying, vacuum drying, solvent extraction, emuisification or lyophiiizatioa and 
combinations thereof. It will further be appreciated that the basic concepts of many of these techisques are well 
known in the prior art and would not, in view of the teachings herein, require undue experimentation to adapt them 
so as to provide the desired perforated microstructures. 
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preferably a fluorinated compound (e.g. perfluorohexane, perfiuorooctyl bromide, perfluorodecalin, 
perfluorohutyl ethane) which vaporizes during the spray-drying process, leaving behind generally hollow, 
porous aerodynamically light microspheres. As will be discussed in more detail below, other suitable liquid 
blowing agents include nonfiuorinated oils, chloroform, Freons, ethyl acetate, alcohols and hydrocarbons. 
Mitrogen and carbon dioxide gases are also contemplated as a suitable blowing agent. 

Besides the aforementioned compounds, inorganic and organic substances which can be removed 
under reduced pressure by sublimation in a post- production step are also compatible with the instant 
invention. These sublimating compounds can be dissolved or dispersed as micronized crystals in the spray 
drying feed solution and include ammonium carbonate and camphor. Other compounds compatible with the 
present invention comprise rigidifying solid structures which can be dispersed in the feed solution or prepared 
in-situ. These structures are then extracted after the initial particle generation using a post-production 
solvent extraction step. For example, latex particles can be dispersed and subsequently dried with other wall 
forming compounds, followed by extraction with a suitable solvent. 

Although the perforated microstructures are preferably formed using a blowing agent as described 
above, it will be appreciated that, in some instances, no additional blowing agent is required and an aqueous 
dispersion of the medicament and/or excipients and surf actant(s) are spray dried directly. In such cases, the 
formulation may be amenable to process conditions le.g., elevated temperatures) that may lead to the 
formation of hollow, reiatively porous microparticles. Moreover, the medicament may possess special 
physicochemical properties <8,g„ high crystallinity, elevated melting temperature, surface activity, etc.) that 
makes it particularly suitable for use in such techniques. 

When a blowing agent is employed, the degree of porosity and dispersibility of the perforated 
microstructure appears to depend, at least in part, on the nature of the blowing agent, its concentration in 
the feed stock le.g- as an emulsion), and the spray drying conditions. With respect to controlling porosity and, 
in suspensions, dispersibility it has surprisingly been found that the use of compounds, heretofore 
unappreciated as blovwng agents, may provide perforated microstructures having particularly desirable 
characteristics. More particularly, in this novel and unexpected aspect of the present invention it has been 
found that the use of fluorinated compounds having relatively high boiling points (i.e. greater than about 
40^0 may be used to produce particulates that are particularly porous. Such perforated miaostructures are 
especially suitable for inhalation therapies. In this regard it is possible to use fluorinated or partially 
fluorinated blowing agents having boiling points of greater than about 40''C, 50*'C, 60°C, TO'^C, 80*^0, SO'^C 
or even 95^C. Particularly preferred blowing agents have boiling points greater than the boiling point of 
water, i.e. greater than lOO^'C ie.g. perflubron, perfluorodecalin). In addition blowing agents with relatively 
low water solubility ( < 10"^ M) are preferred since they enable the production of stable emulsion dispersions 
with mean weighted particle diameters less than 0.3 fim. 
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As previously described, these blowing agents will preferably be incorporated in an emulsified feed 
stock prior to spray drying. For the purposes of the present invention this feed stock will also preferably 
comprise one or more active or bioactive agents, one or more surfactants or one or more excipients. Of 
course, combinations of the aforementioned components are also within the scope of the invention. While 
5 high boiling I > lOO^C) fiuorinated blowing agents comprise one preferred aspect of the present invention, it 
will be appreciated that nonfluorinated blowing agents with similar boiling points ( > 100°C) may be used to 
provide perforated microstructures. Exemplary nonfluorinated blowing agents suitable for use in the present 
invention comprise the formula: 

R'-X-R^orR'-X 

10 wherein: R' or R^is hydrogen, alkyi, alkenyi, alkynl, aromatic, cyclic or combinations thereof, X is any group 
containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations thereof. 

While not limiting the invention in any way it is hypothesized that, as the aqueous feed component 
evaporates during spray drying it leaves a thin crust at the surface of the particle. The resulting particle wall 
or crust formed during the initial moments of spray drying appears to trap any high boiling blowing agents as 

IS hundreds of emulsion droplets (ca. 200-300 nm). As the drying process continues, the pressure inside the 
particulate increases thereby vaporizing at least part of the incorporated blowing agent and forcing it through 
the relatively thin crust. This venting or outgassing apparently leads to the fonnation of pores or other 
defects in the microstructure. At the same time remaining particulate components (possibly including some 
blowing agent) migrate from the interior to the surface as the particle solidifies. This migration apparently 

20 slows during the drying process as a result of increased resistance to mass transfer caused by an increased 
internal viscosity. Once the migration ceases the particle solidifies, leaving voids, pores, defects, hollows, 
spaces, interstitial space$, apertures, perforations or hdes. The number of pores or defects, their size, and the 
resulting wall thickness is largely dependent on the formulation and/or the nature of the selected blowing 
agent (e.g. boiling point), its concentration in the emulsion, total solids concentration, and the spray-drying 

25 conditions. It can be greatly appreciated that this type of particle morphology in part contributes to the 
improved powder dispersibiiity, suspension stability and aerodynamics. 

It has been surprisingly found that substantial amounts of these relatively high boiling blowing 
agents may be retained in the resulting spray dried product. That is, spray dried perforated microstructures 
as described herein may comprise as much as 1 %, 3%, 5%, 10%, 20%, 30% or even 40% w/w of the blowing 

30 agent. In such cases, higher production yields were obtained as a result an increased particle density caused 
by residual blowing agent. It will be appreciated by those skilled in the art that retained fiuorinated blowing 
agent may alter the surface characteristics of the perforated microstructures, thereby minimizing particle 
aggregation during processing and further increasing dispersion stability. Residual fiuorinated blowing agent 
in the particle may also reduce the cohesive forces between particles by providing a barrier or by attenuating 

35 the attractive forces produced during manufacturing (e.g., electrostatics). This reduction in cohesive forces 
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may be particulariy advantageous when using the disclosed microstructures in conjunction with dry powder 
inhalers. 

Furthermore, the amount of residual blowing agent can be attenuated through the process 
conditions (such as outlet temperature), blowing agent concentration, or boiling point. If the outlet 
temperature is at or above the boiling point, the blowing agent escapes the particle and the production yield 
decreases. Preferred outlet temperature will generally be operated at 20, 30, 40, 50, 60, 70, 80, 90 or even 
100**C less than the blowing agent boiling point. More preferably the temperature differential between the 
outlet temperature and the boiling point will range from 50 to 150°C. It will be appreciated by those skilled in 
the art that particle porosity, production yield, electrostatics and dispersifaility can be optimized by first 
identifying the range of process conditions (e.g., outlet temperature) that are suitable for the selected active 
agents and/or excipients. The preferred blowing agent can be then chosen using the maximum outlet 
temperature such that the temperature differential with be at least 20 and up to ISO^'C. In some cases, the 
tanperature differential can be outside this range such as, for example, when producing the particulates 
under supercritical conditions or using lyophilization techniques. Those skilled in the art will further 
appreciate that the preferred concentration of blowing agent can be determined experimentally without 
undue experimentation using techniques similar to those described in the Examples herein. 

While residual blowing agent may be advantageous in selected embodiments it may be desirable to 
substantially remove any blowing agent from the spray dried product. In this respect, the residual blowing 
agent can easily be removed with a post-production evaporation step in a vacuum oven. Moreover, such post 
production techniques may be used to provide perforations In the particulates. For example, pores may be 
formed by spray drying a bioactive agent and an exdpient that can be removed from the formed particulates 
under a vacuum. 

In any event typical concentrations of blowing agent in the feed stock are between 2% and 50% 
viv, and more preferably between about 10% to 45% v/v. In other embodiments blowing agent 
concentrations will preferably be greater than about 5%, 10%, 15%, 20%, 25% or even 30% v/v. Yet other 
feed stock emidsions may comprise 35%, 40%, 45% or even 50% v/v of the selected high boiling point 
compound. 

. . In preferred embodiments, another method of identifying the concentration of blowing agent used in 
the feed is to provide it as a ratio of the concentration of the blowing agent to that of the stabilizing 
surfactant (e.g. phosphatidylcholine or PC) in the precursor or feed emulsion. For fluorocarbon blowing agents 
{e.g. perfluorooctyl bromide), and for the purposes of explanation, this ratio has been termed the PFC/PC 
ratio. More generally, it will be appreciated that compatible blowing agents and/or surfactants may be 
substituted for the exemplary compounds without falling outside of the scope of the present invention. In 
any event, the typical PFCIPC ratio will range from about 1 to about 60 and more preferably from about 10 to 
about 50. For preferred embodiments the ratio will generally be greater than about 5, 10, 20, 25, 30, 40 or 
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even 50. In this respect Fig. 1 shows a series of pictures taken of perforated microstructures farmed of 
phosphatidylcholine (PC) using various amounts of perfluorooctyl bromide (PFC), a relatively high boiling point 
fiuorocarbon as the blowing agent. The PFC/PC ratios are provided under each subset of pictures, i.e. from 
1A to IF. Formation and imaging conditions are discussed in greater detail in Examples 1 and II below. With 
regard to the micrographs, the column on the left shows the intact microstructures while the column on the 
right illustrates cross-sections of fractured microstructures from the same preparations. 

As may easily be seen in the Fig. 1, the use of higher PFC/PC ratios provides structures of a more 
hollow and porous nature. More particularly, those methods employing a PFC/PC ratio of greater than about 
4.8 tended to provide structures that are particularly compatible with the dry power formulations and 
dispersions disclosed herein. Similarly, Fig. 3, a micrograph which will be discussed in more detail in Example 
Xli below, illustrates a preferably porous morphology obtained by using higher boiling point blowing agents (in 
this case perfluorodecaiin). 

While rdafively Ingh boiling point blowing agents comprise one preferred aspect of the instant inventioa it 
will be appreciated that more conventional and unconventional blowing or inflating agents may also be used to 
provide compatible perforated microstructures. The blowing agent comprises any volatile substance, which can 
be incorporated into the feed solution for the purpose of producing a perforated foam iike structure in the 
resulting dry microspheres. The blowing agent may be removed during the initial drying process or during a 
post-production step such as vacuum drying or solvent extraction. Sutable agents include: 

1. Dissolved low-boiling (below 100 C) agents misdble with aqueous solutions, such as methylene chloride, 
acetone, ethyl acetate, and alcohols used to saturate the solution. 

2. A gas, such as CO2 or N2,or fiquid such as Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fiuoroalkanes, and 
hydrocarbons used at devated pressure. 

3. Emulsions of immiscible low-boiling (below 100 C) liquids suitable for use with the present invention are 
generally of the formula: 

R^-X R' or R*-X 

wherein: R^ or R^ is hydrogen, alkyi, alkenyl, alkyni, aromatic, cyclic or combinations thereoi X is 
any groups containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations 
thereof. . Such liquids include: Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fiuoroalkanes, and hydrocarbons. 

4. Dissolved or dispersed salts or organic substances which can be removed under reduced pressure by 
sublimation in a post-production step, such as ammonium salts, camphor, etc. 

5. Dispersed sdids which can be extracted after the initial particle generation using a post-production 
solvent extraction step, such particles include latex, etc. 
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With respect to these lower boiiing point inflating agents, they are typicalty added to the feed stock in 
quantities of about 1 % to 40% v/v of the surfactant solution. Approximately 1 5% v/v inflating agent has been found 
to produce a spray dried powder that may be used to form the stabilized dispersions of the present invention. 

Regardless of which blowing agent is ultimately selected, it has been found that compatible 
perforated microstructures may be produced particularly efficiently using a Biichi mini spray drier (model B- 
191, Switzerland), As will be appreciated by those skilled in the art, the inlet temperature and the outlet 
temperature of the spray drier are not critical but will be of such a level to provide the desired particle size 
and to result in a product that has the desired activity of the medicament. In this regard, the inlet and outlet 
temperatures are adjusted depending on the meiting characteristics of the formulation components and the 
composition of the feed stock. The inlet temperature may thus be between 60°C and lyO'^C, with the outlet 
temperatures of about 40*'C to 120^*0 depending on the composition of the feed and the desired particulate 
characteristics. Preferably these temperatures will be from 90°C to 120'*C for the inlet and from 60*^0 to 
90**C for the outlet. The flow rate which is used in the spray drying equipment will generally be about 3 ml 
per minute to about 15 ml per minute. The atomizer air flow rate will vary between values of 25 liters per 
minute to about 50 liters per minute. Commercially available spray dryers are well known to those in the art, and 
suitable settings for any particular dispersion can be readily detemnined through standard empirical testing, with due 
reference to the examples that follow. Of course, the conditions may be adjusted so as to preserve biological 
activity in larger molecules such as protons or peptides. 

Though the perforated microstructures are preferably formed using fluorinated idowing agents in 
the form of an emulsion, it will be appreciated that nonfluorinated tils may be used to increase the loading 
capacity of active or faioactive agents without compromising the microstructure. In this case, selection of the 
nonfluorinated oil is based upon the solubility of the active or bioactive agent, water solubility, boiling point, 
and flash point. The active or bioacti>fe agent will be dissolved in the oil and subsequently emulsified in the 
feed solution. Preferably the oil will have substantial solubilization capacity with respect to the selected 
agent, low water solubility (< lO'^M), boiling point greater than water and a flash point greater than the 
drymg outlet temperature. The addition of surfactants, and co-solvents to the nonfluorinated oil to increase 
the solubilization capacity is also within the scope of the present invention. 

In particularly preferred embodiments nonfluorinated oils may be used to soluUlize agents or 
bioactive agents that have limited solubility in aqueous compositions. The use of nonfluorinated oils is of 
particular use for increasing the loading capacity of steroids such as beclomethasone dipropionate and 
triamcinolone acetonide. Preferably the oil or oil mixture for solubilizing these ciathrate forming steroids will 
have a refractive index between 1.36 and 1.41 (e.g. ethyl butyrate, butyl carbonate, dbutyl ether). In 
addition, process conditions, such as temperature and pressure, may be adjusted in order to boost solubility of 
the selected agent. It will be appreciated that selection of an appropriate oil or oil mixtures and processing 
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conditions to maximize the loading capacity of an agent are well within the purview of a sidiled artisan in view 
of the teachings herein and may be accomplished without undue experimentation. 

Particdarly preferred embodments of the present invention comprise spray drying preparations comprising 
a surfactant such as a phospholipid and at least one active or bioactive agent. In otter embodments tte spray 
5 drying preparation may further comprise an exdpient comprising a hydrophiiic moiety such as. for example, a 
carbohydrate (i.a glucose, lactose, or starch) in addition to any selected surfactant. In this regard various starches 
and derivatized starctes suitable for use in the present invention. Other optional components may include 
conventional viscosity modifiers, buffers such as phosphate buffers or other conventional biocompatible buffers or 
pH adjusting agents such as acids or bases, and orotic agents (to provide isotonidty, hyperosmoiarity, or 
1 0 hyposmolarityl. Examples of suitaUe salts include sodium phosphate (both monobasic and dibasic), sodium chloride, 
calcium ptesphate, calcium chloride and otter physiologically acceptable salts. 

Whatever components are selected, the first step in particulate production typically comprises feed 
stock preparation. Preferably the selected drug is dissolved in water to produce a concentrated solution. The 
drug may also be dispersed dirrctly in the emulsion, particularly in the case of water insoluble agents. 
1 S Alternatively, the drug may be incorporated in the fomi of a solid particulate dispersion. The concentration of 
the active or bioactive agent used is dependent on tte amount of agent required in the find powder and the 
performance of the delivery device employed (e.g., tte fine particle dose for a MDI or DPI). As needed, 
cosurfactants such as poioxamer 188 or span 80 may be dispersed into this annex solution. Additionally, 
excipients such as sugars and starches can also be added. 
20 In selected embodiments an oil in water emulsion is then formed in a separate vessel. The oil 

employed is preferably a fiuorocarbon (e.g., perfluorooctyi bromide, perfiuorodecalin) which is emulsified using 
a surfactant such as a long chain saturated phospholipid. For example, one gram of phospholipid may be 
homogenized in ISO g hot distilled water (e.g., 60^0 using a suitable high shear mechanical mixer (e.g., Ultra- 
Turrax model T-25 mixer) at 8000 rpm for 2 to 5 minutes. Typically 5 to 25 g of fiuorocarbon is added 
25 dropwise to the dispersed surfactant solution while mixing. Tte resulting perfluorocarbon in water emulsion is 
then processed using a high pressure homogenizer to reduce the particle size. Typically tte emulsion is 
processed at 12,000 to 18,000 psi, 5 discrete passes and kept at 50 to 80**C. 

The active or bioactive agent solution and perfluorocarbon emulsion are tten combined and fed into 
the spray dryer. Typically the two preparations will be miscible as the emulsion will preferably comprise an 
30 aqueous continuous phase. While tte bioactive agent is solubilized separately for the purposes of the instant 
discussion it will be appreciated that in other embodiments, the active or bioactive agent may be solubilized 
(or dispersed) directly in the emulsion. In such cases, the active or bioactive emulsion is simply spray dried 
without combining a separate drug preparation. 

In any event, operating conditions such as inlet and outlet temperature, feed rate, atomization 
35 pressure, flow rate of tte drying air, and nozzle configuration can be adjusted in accordance with the 
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manufacturer's guidelines in order to produce the required particle size, and production yield of the resulting 
dry microstructures. Exemplary settings are as follows: an air inlet temperature between 60°C and 1 70*^0; 
an air outlet between 40°C to 120°C; a feed rate between 3 ml to about 15 ml per minute; and an aspiration 
air flow of 300 L/min. and an atomization air flow rate between 25 to 50 L/min. The selection of appropriate 
apparatus and processing conditions are well within the purview of a skilled artisan in view of the teachings 
herein and may be accomplished without undue experimentation. In any event, the use of these and 
substantially equivalent methods provide for the formation of hollow parous aerodynamically light 
microspheres with particle diameters appropriate for aerosol deposition into the lung, microstructures that are 
both hollow and porous, almost honeycombed or foamlike in appearance. In especially preferred 
embodiments the perforated microstructures comprise hollow, porous spray dried microspheres. 

Along with spray drying, perforated microstructures useful in the present invention may be formed 
by lyophilization. Those skilled in the art will appreciate that iyophilization is a freeze drying process in which 
water is sublimed from the composition after it is frozen. The particular advantage associated with the 
lyophilization process is that biologicals and phamnaceuticals that are relatively unstable in an aqueous 
solution can be dried without elevated temperatures (thereby eliminating the adverse thermal effects), and 
then stored in a dry state where there are few stability problems. With respect to the instant invention such 
techniques are particularly compatible with the incorporation of peptides, proteins, genetic material and other 
natural and synthetic macromolecules in particulates or perforated microstructures without compromising . 
physiological activity. Methods for providing lyophilized particulates are known to those of skill in the art and 
it would clearly not require undue experimentation to provide dispersion compatible microstructures in> 
accordance with the teachings herein. The lyophilized cake containing a fine foam-like structure can be^ 
micronized u^ng techniques known in the art to provide 3 to 10/im sized particles. Accordingly, to the extent 
that iyophilization processes may be used to provide microstructures having the desired porosity and size they 
are conformance with the teachings herein and are expressly contemplated as being within the scope of the 
instant invention. 

Besides the aforementioned techniques, the perforated microstructures or particles of the present 
invention may also be fomfied using a method where a feed solution (either emulsion or aqueous) containing 
wall forming agents is rapidly added to a reservoir of heated oil (e.g. perflubron or other high boiling FCs) 
under reduced pressure. The water and volatile solvents of the feed solution rapidly boils and are evaporated. 
This process provides a perforated structure from the wall fonning agents similar to puffed rice or popcorn. 
Preferably the wdl forming agents are insoluble in the heated oil. The resulting particles can then separated 
from the heated oil using a fQtering technique and subsequently dried under vacuum. 

Additionally, the perforated microstructures of the present invention may also be formed using a 
double emulsion method. In the double emulsion method the medicament is first dispersed in a polymer 
dissolved in an organic solvent (e.g. methylene chloride) by sonication or homogenization. This primary 
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emulsion is then stabilized by forming a multiple emulaon in a continuous aqueous phase containing an 
emulsifier such as polyvinylalcohoL Evaporation or extraction using conventional techniques and apparatus 
then removes the organic solvent. The resulting microspheres are washed, filtered and dried prior to 
combining them with an appropriate suspension medium in accordance with the present invention 

5 Whatever production method is ultimately selected for production of the perforated microstructures. 

the resulting powders have a number of advantageous properties that make them particularly compatible for 
use in devices for inhalation therapies. In particular, the physical characteristics of the perforated 
microstructures make them extremely effective for use in dry powder inhalers and in the formation of 
stabilized dispersions that may be used in conjunction with metered dose inhalers, nebulizers and liquid dose 

10 instillation. As such, the perforated microstructures provide for the effective pulmonary administration of 
bioactive agents. 

In order to maxinrize dspersibirity, dispersion staWBty and optimize distribution upon administration, the 
mean geometric particle size of the perforated microstructures is preferably about 0.5-50 m, more preferably 1-30 
m. It win be appreciated that large particles (i.e. greater than 50 m) may not be preferred in applications where a 
15 valve or smdl orifice is employed, since large particles tend to aggregate or separate from a suspension which 
could potentially clog the device. In especially preferred embedments the mean geometric particle size (or 
diameter) of the perforated microstructures is less than 20 m or less than 10 m. More preferably the mean 
geometric (fiameter is less than about 7 m or 5 m, and even more pref eraUy less than about 2.5 m. Other preferred 
embodiments will cmnprise preparatons wherein the mean geometric (Sameter of the perforated microstructures is 
20 between about 1 m and 5 m. In especially preferred embodimmits the perforated nncrostructures will comprise a 
powder of dry, hollow, porous microspherical shells of approximately 1 to 10 m or 1 to 5 m in diameter, with shell 
thicknesses of approximately 0.1 m to approximately 0.5 m. It is a particidar advantage of the present invention 
that the participate concentration of the dispersions and structural matrix components can be adjusted to optinnze 
the deKvery characteristics of the selected partide size. 
25 As alluded to throughout the instant spediication the porosity of the microstructures may play a 

significant part is estabS^ng dispersibiGty |e.g. in DPIs) or dispersion stabiity (e.g. for MDIs or nebufizers). In this 
respect the mean porosity of the perforated microstructures may be determined through electron microscopy 
coupled with modem imaging techniques. More spectficaDy, electron micrographs of representative samites of the 
perforated miaostmctures may be obtained and digitafly analyzed to quantify the porosity of the preparation. Such 
30 methodology is well known in the art and may be undertaken without undue experimentation. 

For the purposes of the present inventioa the mean porosity fi-e. the percentage of tim particle surface 
area that is open to the interior and/or a central void) of the perforated microstructures may range from 
approsdmatdy 0.5% to approxknately 80%. In more preferred embotfiments, the mean porosity wili range from 
approximately 2% to approximately 40%. Based on selected production parameters, the mean porosity may be 
35 greater than approximately, 2%, 5%, 10%, 15%, 20%, 25% or 30% of the micrastructure surface area. In other 
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embodments, the mean poroaty of the microstructures may be greater than about 40%, 50%, 60%, 70% or even 
80%. As to the pores themsehres, they typically range in size from about 5 nm to about 400 nm with mean pore 
sizes preferably in the range of from about 20 nm to about 200 nm. In particulariy preferred embotfiments the mean 
pore size will be in the range of from about 50 nm to about 100 nm. As may be seen in Figs. 1A1 to 1F2 and 
discussed in more detail below, it is a significant advantage of the present invention that the pore size and porosity 
may he closely contrdled by carefii selection of the incorporated components and production parameters. 

In this regard, the particle morphology and/or hollow design of the perforated microstructures also plays an 
important role on the (fispersifaility or cohesiveness of the dry powder formications disclosed herein. That is, it has 
been surprisingly discovered that the inherent cohesive character of fine powders can be overcome by lowering the 
van der Waals, electrostatic attractive and liquid bridging forces that typically exist between dry particles. More 
specifically, in concordance with the teachings herein, improved powder dispersibility may be provided by engineering 
the particle morphology and density, as well as control of humidity and charge. To that end, the perforated 
microstructures of the present invention comprise pores, voids, hollows, defects or other interstitial spaces which 
reduce the surface contact area between particles thereby miiimizing interpartide forces. In additioa the use of 
surfactants such as phospholipids and fluorinated blowing agents in accordance with the teachings herein may 
contribute to improvements in the flow properties of the powiters fay tempering the charge and strength of the 
electrostatic forces as well as mdsture content 

Most fine powders |e.g. < 5 jjm) exNbit poor cfispersibffity which can be proWematic when attempting to 
deliver, aerosolize andlor package the powders. In this respect the major forces which control particle interactions 
can typically be divided into long and short range forces. Long range forces include gravitational attractive forces 
and electrostatics, where the interaction vvies as a square of the s^aration distance or particle diameter. 
Important short range forces for dry powders indude van der Waals Interactions, hydrogen bonding and liquid 
bridges. The latter two short range forces dffer from the others in that they occur where there is already contact 
between partides. It is a major advantage of the present invention that these attractive forces may be substantidly 
attenuated or reduced through the use of perforated microstructures as described herein. 

In an effort to overcome these attracthre forces, typical prior art dry powder fonnulations for OPIs 
compnse nricrodzed drug partides that are deposited on targe carrier particles (e.g., 30 to 90 //ml such as lactose or 
agglomerated units of pure drug partides or agglomeration of fine lactose particles with pure drug, since they are 
more readfly fiuidized than neat drug partides. In addition, the mass of drug required per actuation is typically less 
than 1 00 //g and is thus prohibitivdy too smdl to meter. Hoice, the larger lactose partides in prior an formulations 
function as both a carrier particle for aerosolization and a bulking agent for metering. The use of large partkdes in 
these formulations are employed since powder dispersibility and aerosdization effidency improves with increasing 
increasing partide size as a result of diminished interpartide forces (French, D.U Edwards, D.A^ sand Nivea R.W., J. 
Aerosol Sd. 27, 769-783, 1996 wivch is incorporated herein by reference). That is, prior art fonnuiations often use 
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large partides or carriers to overcome the principle forces controlfing disfwrsibility such as van der Waals forces, 
liquid bridging, and electrostatic attractive forces that exists between particles. 

Those skilled in the art will appreciate that the van der Waais (VDW) attractive force occurs at short range 
and depends, at least in part, on the surface contact between the interacting partides. When two dry partides 
approach each other the VDW forces increase with an increase in contact area. For two dry partides, the magnitude 
of the VDW interaction force, F°^«., can be calculated using the f oyowing equation: 




where h is Planck's constant, t3 is the angular frequency, do is the cfistance at wKch the adhesional force is at a 
maximum, and r, and rj are the radii of the two interacting partides. Accordngly, it will be appreciated that one way 
to minimize the magnitude and strength of the VDW force for dry powders is to decrease the interpartide area of 
contact It is important to note that the magnitude do is a reflection of this area of contact The minimal area of 
contact between two opposing bodies wfill occur if the particles are perfect spheres. In addtion, the area of contact 
will be further minimized if the partides are fighly porous. Accortfingly, the perforated microstructures of the present 
invention act to reduce interpartide contact and conresponcing VDW attractive forces. It is important to note that 
this reduction in VDW forces is largely a result of the unique partide morphdogy of the powders of the present 
invention rather than m iiKmse in geometric partide dimeter. In this regard, it will be appreciated that particulariy 
preferred embodknents of the present invention provide powders having average or small particulates {e.g. mean 
geometric diameter < ID //m) exhibiting relatively low VDW attractive forces. Conversely, sdid, non-spherical 
partides such as conventional micronized drugs of the same size will exert greater interpartide forces between them 
and, hence, wil exhibit poor powder dispersifaiity. 

Further, as in(icated above, the electrostatic force affecting powders occurs when eitter or both of the 
partides are dectrically charged. This phenomenon will resdt with dther an attraction or repulsion between 
partides depatding on the sindarity or dissimiiarity of charge. In the simplest case, the dectric charges can be 
described using Coulomb's Law. One way to modidate or decrease the electrostatic forces between particles is if 
either or both partides have non-conducting surfaces. Thus, if the perforated microstnicture powders comprise 
exdpients, surfactants or active agents that are rdativdy non^umducting, then any charge generated in the partide 
will be unevenly distributed over the surface. As a lesidt the charge half-life of powders comprising non conducting 
components will be rdativdy short since the retention of elevated charges is dictated by the resistivity of the 
materid. Resistive or non-conducting ccRnponents are materids wNch will neither function as an effident electron 
donor or acceptor. 
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Derjaguin et al. (Muller, V.WI., Yushchenko, V.S.. and Derjaguia BX J. Colloid Interface Sd. 1980, 77, 1 1 5- 
119), which is incorporated herein by reference, provide a list ranking molecular groups for their ability to accept or 
donate an electron. In tfus regard exemplary groups may be ranked as follows: 

Donor -NHo > -OH > OR > -COOR > -CH3 > -CbHs > 
•halogen > COOH > -CO > -CM Acceptor. 

The present invention provides for the reduction of dectrostatic effects in the disclosed powders though 
the use of relatively non-conductive materials. Using the above rankings, preferred non-conductive materids would 
include halogenated and/or hydrogenated components. Materials such as phosphofipids and fluorinated blowing 
agents (which may be retained to some extent in the spray dried powders) are preferred sirce they can provide 
resistance to particle charging. It will be appreciated that the retention of residual blowing agent (e.g. 
fluorochemicals) in the particles, even at relathrely low levels, may hdp minimize charging of the perforated 
microstructures as is typically imparted during spray drying and cyclone separation. Based on general electrostatic 
principles and the teacldngs herein, one skilled in tte art would be able to identify adifitional materials that serve to 
reduce the electrostatic forces of the cfisdoscd powders without undue experimemation. Further, if needed, the 
electrostatic forces can also be manipulated and minimized using electrification and charging techniques. 

In addition to the surprising advantages described above, the present invention further provides for the 
attenuation or reduction of hydrogen and liquid bonding. As known to those skilled in the art, both hydrogen bonifing 
and liqtfld bridging can result from moisture that is absorbed by the powder. In general, higher humidities produce 
higher interparticle forces for hydrophilic surfa:es. This is a substantial problem in prior art pharmaceutical 
fomiulations for inhalation therapies which tend to employ relatively hydrophilic compounds such as lactose. 
However, in accordance with the teachings hwein, adhesion forces due to adsorbed water can be modulated or 
reduced by increasing the hydrophobicity of the contacting surfaces. One skilled in the art can appreciate that an 
increase in particle hydrophobicity can be achieved through exdpient selection and/or use a post-production spray 
drying coating technique such as employed using a fludized bed. Thus, preferred excipients indude hydrophobic 
surfactants such as phosphdipds, fatty acid soaps and cholesterol. In view of the teachings herein, it is submitted 
that a skilled artisan would be aUe to identify materials exhUting amilar desirable properties without undue 
experimentation. 

In accordance with the present invention, methods such as angle of repose or shear index can be used to 
assess the flow properties of dry powders. The angle of repose is defined as the angle fanned when a cone of 
powder is poured onto a flat surface. Powders hawng an angle of repose ranging from 45*" to 20** are preferred and 
in(ficate suitable powder flow. More particularly, powders which possess an angle of repose between 33^ and 20** 
exhibit relatively low shear forces and are espedally useful in pharmaceutical preparations for use in inhalation 
therapies |e.g. DPIs). The shear index, though more time consuming to measure than angle of repose, is considered 
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more reliable and easy to detemiine. Those skilled in the art will appreciate that the experimental procedure outlined 
by Amidon and Houghton (G£. Anridon, and M.E. Houghton, Pharm. Manuf., 2, 20, 1985, incorporated herein by 
reference) can be used estimate the shear index for the purposes of the present invention. As described in S. Kocova 
and N. Pilpel, J. Pharm. Phannacol. 8, 33-5B, 1973, also incorporated herein by reference, the shear index is 
S estimated from powcter parameters such as, yield stress, effective angle of internal friction, tensile strength, and 
specific cohesion. In the present invention powders having a shear index less than about 0.98 are desirable. More 
preferably, powders used in the cfisdosed compositions, methods and systems will have shear indices less than about 
1.1. In particidarly preferred embodiments the shear index wfll be less than about 1.3 or even less than about I.B. 
Of course powders having different shear indices may be used provided the result in the effective deposition of the 

1 0 active or bioactive agent at the site of interest. 

It will dso be appreciated that the flow properties of powcters have been shown correlate well with bulk 
density measurements. In this regard, conventional prior art tanking (C.F. Harevoodr J. Phann. Sci., 60, 161-163, 
1971} held that an irorease in bulk density correlates with improved flow properties as predicted by the shear index 
of the material. Conversely, it has surprisingly been found that, for the perforated microstructures of the present 

1 S invention, superior flow properties were exhibited by powders having relathrely low bulk densities. That is, the hollow 
porous powders of the present invention exhibited superior flow properties over powders substantially devoid of 
pores. To that end it has been found that it is possible to provicte powders having bulk densities of less than 0.5 
g/cm^ that exhibit particulariy favorable flow properties. More surprisingly, it has been found that it is possible 
to provide perforated microstructure powders having bulk densities of less than 0.3 g/cm^ or even less than 

20 about 0.1 g/cm^ that exhibit excellent flow properties. The abflity to produce tow bulk density powders having 
superior flowabBity f urtter accentuates the novel and unexpected nature of the present invention. 

In addition, it will be appreciated that the reduced attractive forces (e.g. van der Waals, 
electrostatic, hydrogen and Bqirid bonding, etc.) and excellent flowainlity provided by the perforated microstructure 
powders make them particulariy useful in preparations for inhalation therapies (e.g. in inhalation devices such as 

25 DPls, MDIs, nebufizers). Along with the superior flowability, the perforated or porous and/or hollow design of 
the microstructures also plays an important role in the resulting aerosol properties of the powder when 
discharged. Tlus phenomenon holds true for perforated microstructures aerosolized as a suspension, as in the 
case of an MIDI or a nebdizer, or delivery of perforated microstructures in dry fomi as in the case of a DPI. In 
this respect the perforated structure and relatively high surface area of the dispersed microparticles enables them to 

30 be carried along in the flow of gases during inhalation with greater ease for longer distances than non-perforated 
particles of comparable size. 

More particulariy, because of their Mgh porosity, the density of the particles is significantly less than 
1.0 g/cm^ typically less than 0.5 g/cm^ more often on the order of 0.1 qlan\ and as low as 0.01 g/cm^ 
Unlike the geometric particle size, the aerodynamic partide size, d^^^ , of the perforated microstructures 

35 depends substantially on the particle density, p: = d^^p, where d^^^ is the geometric diameter. 
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For a partide density of 0.1 g/cm^ d^^ will be roughly three times smaller than d^^, leacfing to increased 
particle deposition into the peripheral regions of the lung and correspondingly less deposition in the throat. In 
this regard, the mean aerodynamic diameter of the perforated microstructures is preferably less than about 5 
pm, more preferably less than about 3 pm, and, in particularly preferred embodiments, less than about 2 ^jm. 
Such particle distributions will act to increase the deep lung deposition of the bioactive agent whether 
administered using a DPI, MDI or nebulizer. Further, having a larger geometric diameter than aerodynamic 
diameter brings the particles closer to the wall of the alveolus thus increasing the deposition of small 
aerodynamic diameter particles. 

As will be shown subsequently in the Examples, the particle size distribution of the aerosol 
formications of the present invention are measurable by conventional techniques such as, for example, 
cascade impaction or by time of flight analytical methods. In addition, determination of the emitted dose from 
inhalation devices were done according to the proposed U.S. Phannacopeia method {Pharmacopeial Prm/tBWs. 
22(1996) 3065) which is incorporated herein by reference. These and related techniques enable the "fine 
particle fraction" of the aerosol, which corresponds to those particulates that are likely to effectively 
deposited in the lung, to be calculated. As used herein the phrase "fine particle fraction" refers to the 
percentage of the total amount of active medicament deKvered per actuation from the mouthpiece of a DPI, 
MDI or nebulizer onto plates 2-7 of an 8 stage Andersen cascade impactor. Based on such measurements the 
formulations of the present invemion will preferably have a fine particle fraction of approximately 20% or 
more by weight of the perforated microstructures <w/w), more preferably they will exhitnt a fine particle 
fraction of from about 25% to 80% wlw, and even more preferably from about 30 to 70% wfw. In selected 
embodiments the present invention will preferably comprise a fine particle fraction of greater than about 
30%, 40%, 50%, 60%, 70% or 80% by weight. 

Further, it has also been found that the formulations of the present invention exhibit relatively low 
deposition rates, when compared with prior art preparations, on the induction port and onto plates 0 and 1 of 
the Impactor. Deposition on these components is linked with deposition in the throat in humans. More 
specifically, most commerdaliy available MDIs and DPIs have simulated throat depositions of approximatdy 
40-70% (w/w) of the total dose, while the formulations of the present invention typically deposit less than 
about 20% w/w. Accordingly, preferred embodiments of the present invention have simulated throat 
depositions of less than about 40%, 35%, 30%, 25%, 20%, 15% or even 10% w/w. Those skilled in the art 
will appreciate that significant decrease in throat deposition provided by the present invention will result in a 
corresponding decrease in assodated local side-effects such as throat irritation and candidiasis. 

With respect to the advantageous deposition profile provided by the instant invention it is well 
known that MDI propellants typically force suspended partides out of the device at a high velodty towards 
the back of the throat. Since prior art formulations typically contain ia significant percentage of large 
particles and/or aggregates, as much as two-thirds or more of the emitted dose may impact the throat. 
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Moreover, the undesirable delivery profile of conventional powder preparetions is also exhibited under 
conditions of low particle velocity, as occurs with DPI devices. In general, this proUran is inherent when 
aerosolizing solid, dense, particulates which are sublet to aggregation. Yet as discussed above, the novel 
and unexpected properties of the stabilized dspersions of the present invention result in surprisingly low 
S throat deposition upon administration from inhalation device such as a DPI, MDI atomizer or nebulizer. 

While not wishing to be bound by any particular theory, it appears that the reduced throat 
deposition provided by the instant invention results from decreases in particle aggregation and from the 
hollow and/or porous morphology of the incorporated microstructures. That is, the hollow and porous nature 
of the dispersed microstructures slows the velocity of particles in the propellent stream (or gas stream in the 

10 case of DPIs), just as a hollow/porous whiffle ball decelerates faster then a baseball. Thus, rather than 
impacting and sticking to the back of the throat, the relatively slow traveling particles are subject to 
inhalation by the patient. Moreover, the highly porous nature of the particles allows th propellent witMn the 
perforated microstructure to rapidly leave and the particle density to drop before impacting the throat. 
Accordingly, a substantially Kgher percentage of the administered bioactive agent is deposited in the 

1 S pulmonary air passages where it may be ef fidentiy absorbed. 

With respect to inhalation therapies, those skilled in the art will appreciate that the perforated 
microstructure powders of the present invention are particidarly useful in DPIs. Conventional DPIs, or dry powder 
inhalers, comprise powdered fonnulations and devices where a predetennined dose of medcanoent, other alone or in 
a blend with lactose carrier particles, is defivered as a fine mist or aerosol of cky powder for inhalation. The 

20 medicament is fonndated in a way such that it readfly disperses into discrete pardcles with a size rage between 0.5 
to 20 //m. The powder is ectuated other by inspiration or by some external ddhrery force, such as pressurized air. 
DPI forniidations are typically packaged in single dose units or they employ reservoir systems capable of metering 
muhtple doses with manual transfer of the dose to the device. 

DPis are generally classified based on the dose delivery system employed. In this respect, the two m^or 

25 types of DPIs comprise irit dose delivery devKOS and bulk reservoir delivery systems. As used hereia the tenn 
"reservoir^ shall be used m a general sense and held to encompass both conf^urations unless otherwise cictated by 
contextual restraints. In any event unit dose delivery systems require the dose of powder f onnulation presented to 
the device as a single unit With this system, the fonnuiation is prefilled into dosing wells wKdi may be foil-packaged 
or presented in bGster strips to prevent moisture ingress. Other unit dose packages include hard gelatin capsules. 

30 Most unit dose cimteiners designed for DPIs are filled using a fixed volume technique. As a result there are 
physical Rnutations (here densityl to the minimal dose that can be metered into a urot package, which is 
dicteted by the powder flowability and bulk density. Currently, the range of dry powder that can be filled 
into a unit dose container is in the range of 5 to 15 mg which corresponds to drug loading in the range of 25 
to BOOfjq per dose. Conversely, bulk reservoir delivery systems provide a precise quantity of powder to be 

35 metered upon individual delivery for up to approximately 200 doses. Again like the unit dose systems, the 
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powder is metered using a fixed volume cell or chamber that the powder is filled into. Thus, the density of the 
powder is a major factor limiting the minimal dose that can be delivered with this device. Currently bulk 
reservoir type DPIs can meter between 200;ug to 20 mg powder per actuation. 

DPIs are designed to be manipulated such that they break open the capsule/blister or to load bulk 
powder during actuation, followed by (Aspersion from a mouthpiece or actuator due to the patient*s 
inspiration. When the prior art formulations are actuated from a DPI device the lactose/drug aggregates are 
aerosolized and the patient inhales the mist of dry powder. During the inhalation process, the carrier particles 
encounter shear forces whereby some of the micronized drug particles are separated from the lactose 
particulate surface. It will be appreciated that the drug particles are subsequently carried into the lung. The 
large lactose particles impact the throat and upper airways due to size and inertial force constraints. The 
efficiency of delivery of the drug particles is dictated by their degree of adhesion with the carrier particles 
and their aerodynamic property. 

Deaggregation can be increased through formulation, process and device design improvements. For 
example fine partide lactose (FPU is often mixed with coarse lactose carriers, wherein the FPL will occupy 
high-energy binding sites on the carrier particles. This process provides more passive sites for adhesion of the 
micronized drug particles. This tertiary blend with the drug has been shown to provide statistically significant 
increases in fine particle fraction. Other strategies include specialized process conditions where drug particles 
are mixed with FPL to produce agglomerated units. In order to further increase particulate deposition, many 
DPIs are deigned to provide deaggregation by passing the dosage form over baffles, or through tortuous 
channels that disrupts the flow properties. 

The addition of FPL, agglomeration with FPL and specialized device design provides an improvement 
in the deaggregation of formulations, however, the clinically important parameter is the fine particle dose 
received by the patient. Though improvements in deaggregation can be provided, a major problem still exists 
with current DPI devices in that there is an increase in respirable dose with an increased inspiratory effort. 
This is a result of an increased fine particle fraction corresponding to the increased disaggregation of partide 
agglomerates as the airflow inaeases through the inhaler with increasing inspiratory effort. Consequentiy 
dosing accuracy is compromised, leading to complications when the devices are used to administer Mghly 
efficacious drugs to sensitive populations such as children, adolescents and the elderiy. Moreover, the. dosing 
inaccuracy associated with conventional preparations could complicate regulatory approval. 

In stark contrast, the perforated microstructure powders of the present invention obviate many of the 
cfifficdties associated with prior art canner preparations. That is, an improvement in DPI performance may be 
provided by engineering the partide, size, aerodynamics, morphology and density, as well as contrd of humidity and 
charge. In ttis respect the present invention provides formulations wherein the medicament and the indpients 
or bulking agents are preferably assodated with or comprise the perforated microstructures. As set forth 
above, preferred compositions according to the present invention typically yield powders with bulk densities 
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less than 0.1 g/cm^ and often less than 0.05 gicml It will be appreciated that providing powders having bulk 
densities an order of a magnitude less than conventional OPl formulations allows for much lower doses of the 
selected bioactive agent to be filled into a unit dose container or metered via reservoir-based DPIs. The ability 
to effectively meter small quantities is of particular importance for low dose steroid, long acting 
5 bronchodilators and new protein or peptide medcaments proposed for DPI delivery. Moreover, the ability to 
effectively deliver particulates without associated carrier particles simplifies product fomnulation, filling and 
reduces undesirable side effects. 

As discussed above, the hdlow porous pouvders of the present invention exhibit superior flow properties, 
as measured by the angle of repose or shear index methods described hereiiv with respKt to equraaient powders 

10 substantially devoid of pores. That is, superior powder flow, which appears to be a function of bulk doisity and 
partide morphology, is observed where the powders have a bulk density less than 0.5 g/cm\ Preferably the 
powders have bulk densities of less than about 0.3 qlav?, 0.1 g/cm^ or even less than about 0.05 gicm^. In this 
regardl it is theorized that the perforated microstructures comprising pores, voids, hollows, defects or other 
interstitial spaces contribute to powder flow properties by reducing the surface contact area between particles and 

15 mirimiang interpartide forces. In acfafitioiv the use of phospholipids in prefenred embodiments and retention of 
fluorinated blowing agents may also contribute to improvements in the flow properties of the powibrs by tempering 
the charge and strength of the electrostatic forces as wdl as moisture content 

in addition to the aforementioned advantages, the disdosed powders exhibit favoraUe aerodynamic 
properties that make them particuiariy effective for use in DPIs. More specifically, the perforated structure 

20 and iriativdy high surface area of the micropartides enables them to be carried along in tfw flow of gases during 
inhalation with greater ease and for longer cSstances than relatively non-perforated partides of comparable size. 
Because of their high porosity and low density, administration of the perforated microstructures with a DPI 
provides for increased partide deposition into the peripheral regions of the lung and correspondingly less 
deposition in the throat. Such particle dstribution acts to increase the deep lung deposition of the 

25 administered agent which is preferable for systemic administration. Moreover, in a substantial improvement 
over prior art DPI preparations the low-density, highly porous powders of the present invention preferably 
eiinnnate the need for carrier particles. Since the large lactose carrier partides will impact the throat and 
upper airways due to their size, the elimination of such particles minimizes throat deposition and any 
associated "gag" effect associated with conventional OPIs. 

30 Along with their use in a dry powder configuration, it will be appreciated that the perforated 

microstructures of the present invention may be incorporated in a suspension mecfium to provide stabilized 
dispersions. Among other uses, the stabilized dispersions provide for the effective ddivery of bioactive 
agents to the pulmonary air passages of a patient using MDIs, nebulizers or liquid dose instillation (LDI 
techniques). 
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As with the DPI embocfiments, Administration of a bioactive agent using an MDI, nebiiizer or LOl technique 
may be indicated for the treatment of mild, moderate or severe, acute or chronic symptoms or for prophylactic 
treatment Moreover, the bioactive agent may be administered to treat local or systemic conditions or cfisorders. It 
wOl be appreciated that the precise dose administered will depend on the age and condition of the patient the 
5 particular medicament used and the frequency of administratioa and will ultimately be at the discretion of the 
attendant physician. When combinations of Uoactive agents are employed, the dose of each component of the 
combination wiii generally be that employed for each component when used alone. 

Those skilled in the art will appreciate the enhanced stability of the disclosed dispersions or 
suspensions is largely achieved by lowering the van der Waals attractive forces between the suspended 

1 0 particles, and by reducing the differences in density between the suspension medium and the particles, in 
accordance with the teachings herein, the increases in suspension stability may be imparted by engineering 
perforated microstructures which are then dispersed in a compatible suspension medium. As discussed 
above, the perforated microstructures comprise pores, voids, hollows, defects or other interstitial spaces that 
allow the fluid suspension medium to freely permeate or perfuse the particulate boundary. Particularly 

IS preferred embodiments comprise perforated microstructures that are both hollow and porous, almost 
honeycombed or foam-like In appearance. In especially preferred embotfiments the perforated microstructures 
comprise hollow, porous spray dried microspheres. 

When the perforated microstructures are placed in the suspension medium (i.e. propellant), the 
suspension medium is able to permeate the particles, thereby creating a "homodispersion", wherein both the 

20 continuous and dispersed phases are indistinguishable. Since the defined or "virtual** particles (i.e. comprising 
the volume circumscribed by the microparticulate matrix) are made up almost entirely of the medium in which 
they are suspended, the forces driving particle aggregation (flocculation) are minimized. Additionally, the 
differences in density between the defined particles and the continuous phase are minimized by having the 
microstructures filled with the medium, thereby effectively slowing particle creaming or sedimentation. As 

25 such, the perforated microspheres and stabilized suspensions of the present invention are particulariy 
compatible with many aerosolization techniques, such as MDl and nebdization. Moreover, the stabilized 
dispersions may be used in liquid dose instillation applications. 

Typical prior art suspensions |e.g. for MDIs) comprise mostiy solid particles and small amounts 
( < 1 % w/wl of surfactant (e.g. lecithin, Span-85, oleic acid) to increase electrostatic repulsion between 

30 particles or polymers to sterically decrease particle interaction. In sharp contrast the suspensions of the 
present invention are designed not to increase repulsion between particles, but rather to decrease the 
attractive forces between particles. The principal forces driving flocculation in nonaqueous media are van der 
Waals attractive forces. As discussed above, VDW forces* are quantum mechanical in origin, and can be 
visualized as attractions between fluctuating cfipoles (i.e. induced dipole-induced cfipole interactions). 

35 Dispersion forces are extremely short-range and scale as the sixth power of the distance between atoms. 
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When two macroscopic bodies approach one another the dispersion attractions between the atoms sums up. 
The resulting force is of considerably longer range, and depends on the geometry of the interacting bodies. 

More specifically, for two spherical particles, the magnitude of the VDW potential , can be 
approximated by: y ^ -^.y R,R^ where A^^is the effective Hamaker constant which 

accounts for the nature of the particles and the medium, Hq is the distance between particles, and /?, and 
R, are the radii' of spherical particles 1 and 2. The effective Hamaker constant is proportional to the 
difference in the polarizabilittes of the dispersed particles and the suspension medium: 
^,ir = - ^^PART y ' ^sM 2"'* ^PART Hamaker constants for the suspension 

medium and the particles, respectively. As the suspended particles and the dispersion medium become similar 
in nature, A^^i and ^part become closer in magnitude, and A^^ and become smaller. That is. by 

reducing the differences between the Hamaker constant associated with suspension medium and the 
Hamaker constant associated with the dispersed particles, the effective Hamaker constant land 
corresponding van der Waats attractive forces) may be reduced. 

One way to minimize the differences in the Hamaker constants is to create a '*homodispersion'*, that 
is make both the continuous and dispersed phases essentially indistinguishable as discussed above. Besides 
exploiting the morphology of the particles to reduce the effective Hamaker constant, the components of the 
structural matrix (defining the perforated microstructures) will preferably be chosen so as to exhibit a 
Hamaker constant relatively dose to that of the selected suspension mediun. In this respect, one may use 
the actual values of the Hamaker constants of the suspension medium and the particulate components to 
detemnine the compatibility of the dispersion ingredients and provide a good indication as to the stability of 
the preparation. Alternatively, one could select relatively compatible perforated microstructure components 
and suspension mediums using characteristic physical values that coincide with measurable Hamaker 
constants but are more readily discernible. 

In this respect, it has been found that the refractive index values of many compounds tend to scale 
with the corresponding Hamaker constant. Accordingly, easily measurable refractive index values may be 
used to provide a fairly good indication as to wKch combination of suspension mecfium and particle exdpients 
will provide a dispersion having a relatively low effective Hamaker constant and associated stability. It will 
be appredated that, dnce refractive indices of compounds are widely available or easily derived, the use of 
such values allows for the fomiation of stabilized dispersions in accordance with the present invention 
without undue experimentation. For the purpose of illustration only, the refractive indices of several 
compounds compatible with the cSsdosed dispersions are provided in Table i immediately bdow: 

labial 
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Compound 



Refractive Index 



HFA-134a 

HFA-227 

CFC-12 

CFC-114 

PFOB 

Mannitol 

Ethanol 

n- octane 

DMPC 

Pluronic F-68 
Sucrose 

Hydroxyethylstarch 
Sodium chloride 



1,172 

1.223 

1,287 

1.288 

1.305 

1.333 

1.361 

1.397 

1.43 

1.43 

1.538 

1.54 

1,544 



Consistent with the compatible dispersion components set forth above, those skilled in the art will 
appreciate that the fonnation of dispersions wherein the components have a refractive index differential of 
less than about 0.5 is prefened. That is, the refractive index of the suspension medium will preferably be 
wittun about 0.5 of the refractive index associated with the perforated particles or microstructures. It will 
further be appreciated that, the refractive index of the suspension medium and the partides may be measured 
directly or approximated using the refractive incfices of the major component in each respective phase. For 
the perforated microstructures, the major component may be determined on a weight percent basis. For the 
suspension medium, the major component will typically be derived on a volume percentage basis. In selected 
embedments of the present invention the refractive index differential value will preferably be less than about 
0.45, about 0.4, about 0.35 or even less than about 0.3. Given that lower refractive index differentials imply . 
greater dispersion stability, particulariy preferred embodiments comprise index differentials of less than about ^ 
0.28, about 0.25, about 0.2, about 0.15 or even less than about 0.1. It is submitted that a skilled artisan will 
be able to determine which exdpients are particularty compatible without undue experimentation given the 
instant disclosure. The ultimate choice of preferred excipients will also be influenced by other factors, 
inclucfing biocompatibQity, regulatory status, ease of manufacture, cost 

As iSscussed above, the minimization of density differences between the particles and the 
continuous phase is largely dependent on the perforated and/or hollow nature of the microstructures, such 
that the suspension meiium constitutes most of the particle volume. As used herein, the term "particle 
volume" corresponds to the volume of suspension medium that would be displaced by the incorporated 
hollow/porous particles if they were solid, i.e. the volume defined by the particle boundary. For the purposes 
of explanation, and as cfiscussed above, these fluid filled particulate volumes may be referred to as "virtual 
partides." Preferably, the average volume of the bioactive agent lexcipient shell or matrix (i.e. the volume of 
medium actually displaced by the perforated microstructure) comprises less than 70% of the average particle 
volume (or less than 70% of the virtual partide). More preferably, the volume of the microparticdate matrix 
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comprises less than about 50%, 40%, 30% or even 20% of the average particle volume. Even more 
preferably, the average volume of the shell/matrix comprises less than about 10%, 5%, 3% or 1% of the 
average particle volume. Those skilled in the art will appreciate that, such a matrix or shell volumes typically 
contributes little to the virtual particle density which is overwhelmingly dictated by the suspension medium 
found therein. Of course, in selected embocfiments the exdpients used to form the perforated microstructure 
may be chosen so the density of the resulting matrix or sheU approximates the density of the surrouncfing 
suspension medium. 

It will further be appreciated that, the use of such microstructures will allow the apparent density 
of the virtual particles to approach that of the suspension medium substantially eliminating the attractive van 
der Waals forces. Moreover, as previously discussed, the components of the microparticulate matrix are 
preferably selected, as much as possible given other considerations, to approximate the density of suspension 
medium. Accorcfingly, in preferred embocfiments of the present invention, the virtual particles and the 
suspension medium will have a density differential of less than about 0.6 gfcm^ That is, the mean density of 
the virtual particles (as defined by the matrix boundaryl will be within approximately 0.6 g/cm^ of the 
suspension medium. More preferably, the mean density of the virtual particles will be within 0.5, 0.4, 0.3 or 
0.2 qlctv? of the selected suspension medium. In even more preferable embodiments the density (fifferential 
will be less than about 0.1, OJOS, 0.01, or even less than 0.005 g/cm^ 

In addition to the aforementioned advantages, the use of hollow, porous partides allows for the 
formation of free-flowing dispersions comprising much higher volume fractions of particles in suspension. It 
should bB appreciated that, the formulation of prior art dspersions at volume fractions approaching close- 
packing generally results in dramatic increases in dspersion viscoelastic behavior. Rheological behavior of 
this type is not appropriate for MOI applications. Those skiDed in the art will appreciate that, the vdume 
frection of the particles may be defined as the ratio of the apparent volume of the partides (i.e. the particle 
volume) to the total volume of the system. Each system has a maximum vdume fraction or packing fraction. 
For example, partides in a simfde cubic arrangement reach a maximum packing fraction of 0.52 while those in 
a face centered cubic/hexagonal dose packed configuration reach a maximum packing fraction of 
approximatdy 0.74. For non-spherical partides or pdydisperse systems, the derived values are different. 
Accorcfingly, the maximum packing fraction is often considered to be an empirical parameter for a given 
system. 

Here, it was surprisingly found that the porous structures of the present invention do not exhibit 
undesirable viscoelastic behavior even at high vdume fractions, approaching close packing. To the contrary, 
they remain as free flowing, low viscosity suspensions having little or no yield stress when compared with 
analogous suspensions comprising solid particulates. The low viscosity of the disdosed suspensions is 
thought to be due, at least in large part, to the rdatively low van der Waals attraction between the fluid-fiiled 
hdlow, porous particles. As such, in selected embodiments the volume fraction of the cfisdosed cBspersions is 
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greater than approximately 0.3. Other embotfiments may have packing values on the order of 0.3 to about 
0.5 or on the order of 0-5 to about 0.8, with the higher values approaching a dose packing condition. 
Moreover, as particle sedimentation tends to naturally decrease when the volume fraction approaches dose 
packing, the formation of relatively concentrated dispersions may further increase formulation stability. 

Although the methods and compositions of the present invention may be used to fonn relatively 
concentrated suspensions, the stabilizing factors work equally well at much lower packing volumes and such 
dispersions are contemplated as being within the scope of the instant disclosure. In this regard, it will be 
appredated that, dispersions comprising low vdume fractions are extremely difficult to stabilize using prior 
art techniques. Conversely, dispersions Incorporating perforated microstructures comprising a bioactive 
agent as described herein are particulariy stable even at low volume fractions. Accordingly, the present 
invention allows for stabilized dispersions, and particulariy respiratory dispersions, to be formed and used at 
vdume fractions less than 0.3. In some preferred embodiments, the vdume fraction Is approximately 0.0001 
. 0.3, more preferably 0.001 • 0.01. Yet other preferred embodiments comprise staKiized suspensions having 
volume fractions from approximatdy 0.01 to approximately 0.1. 

The perforated microstructures of the present Invention may also be used to stabilize dilute 
suspensions of micronized bioactive agents. In such embodiments the perforated microstructures may be 
added to increase the volume fraction of partides In the suspension, thereby Increasing suspension stabiHty to 
creaming or sedimentation. Further, in these embodiments the incorporated microstractures may also act In 
preventing dose approach (aggregation) of the micronized drug partides. It shoidd be appredated that, the 
perforated microstructures Incorporated in such embodiments do not necessarily comprise a bioactive agent ^ 
Rather, they may be fanned exdustvely of various exdpients, induding surfactants. 

Those skilled in the art wiB further appredate that the stabifized suspensions or dispersions of the 
present Invention may be prepared by dispersal of the microstructures In the selected suspension mecfium 
which may then be placed In a container or reservoir. In this regard, the stabOized preparations of the present 
InvOTtion can be made by simply comianing the components In suffident quantity to produce the final desired 
disp^don concentration. Although the microstructures readly cfisperse without mechamcal energy, the 
application of mechanical energy to aid In dispersion (e.g. with the aid of sonication) is contemplated, 
particulariy for the formation of stable emulsions or reverse emulsions. Altemativdy, the components may be 
nuxed by simple shaking or other type of agitation. The process is preferably carried out under anhydrous 
conditions to obviate any adverse effects of mdsture on suspension stability. Once fanned, the dispersion has 
a reduced susceptibility to flocculatlon and sedimentation. 

As indicated throughout the instant spedfication, the dispersions of the present invention are preferably 
stabaized. In a broad sense, the temn "staUized dispersion" will be hdd to mean any dispersion that, resists 
aggregation, flocculatlon or creannng to the extern required to provide for the effective delivery of a bioactive agent 
Wh1e those ddfled In the art vuil appredate that there are several methods that may be used to assess the staUity 
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of a given dispersion a pref^red method for the purposes of the present invention comprises detennination of 
creaming or sedimentation time using a dynamic photosedimentation method. As seen in Example iX and Hgure 2, a 
prefenred method comprises subjecting suspended particles to a centrifugal force and measuring absorbance of 
the suspension as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
5 stabiiitY. it is submitted that those skilled in the art will be able to adapt the procedure to specific 
suspensions without undue experimentation. 

For the purposes of the present invention the creaming time shall be defined as the time for the suspended 
drug particulates to cream to 1/2 the volume of the suspension mediunu Similariy, the sedimentation time may be 
defined as the time it takes for the particulates to setfiment in 1/2 the vdume of the liqud medium. Besides the 

10 photosedimentation technique described above, a relatively simple way to determine the creaming time of a 
preparation is to provide the particulate suspension in a sealed glass vial. The vials are agitated or shaken to provide 
relatively homogeneous dspersions which are then set aside and observed using impropriate instrumentation or by 
visual inspectioa The time necessary for the suspended participates to cream to 1/2 the volume of the suspension 
med um (i.e., to rise to the top half of the suspension medium), or to seifimem within 1/2 the vdume (lb^ to settle in 

15 the bottom 1/2 of the medium), is then noted. Suspension fomiulations having a creaming time greater than 1 minute 
are preferred and indicate suitable stability. More preferably, the stabilized dispersions comprise creaming times of 
greater than 1, 2, 5, 10, 15, 20 or 30 minutes. In particiiariy preferred embodiments, the staUBzed dspersions 
exMbit creaming times of greater than about 1, 1.5, 2, 2.5, or 3 hours. Substantially equivalent periods for 
segmentation times are indicative of compatible dispersions. 

20 As discussed herein, the stabOized dispersions disclosed herein may i^efer^ly be adnrrinista^d to the nasal 

or pulmonary air passages of a patient via aerosolizatian, such as with a metered dose inhaler. The use of such 
staldized preparations provides for superior dose reprodudbiiity and improved lung deposition as described above. 
MDIs are weD known in the art and codd easily be employed for administration of the daimed ifispersions without 
undue experimmtation. Breath activated MDIs, as wdl as those comprising other types of improvements which 

25 have beea or will be, devdoped are dso compatible with the stabiSzed dspersions and present invention and, as 
such, are contemplated as bdng with in tiie scope thereof. However, it should be emphasized that in preferred 
embodiments, the stabilized dispersions may be administered witii an MDI using a number of different routes 
induding, but not limited to, topicd, nasd, pdmonary or oral. Those sIdBed m tiie art vuifl appredate that, such routes 
are wefl known and that the dosing and adminstration procedures may be easily derived for the staUBzed dispersions 

30 of the present invention. 

MDI canisters generdiy comprise a contaner or reseredr capable of witfistanding the vapor pressure of 
the propdlant used such as, a plastic or plastic-coated glass bottie, or preferably, a metd can or, for example, an 
duminum can which may optionaBy be anodzed, iacquer-ceated and/or plastic-coated, wherdn the contaner is 
dosed with a metering vahre. The metering vdves are designed to ddiver a metered amount of the formdatton per 

35 actuation. The vdves incorporate a gadcet to prevent leakage of propdlant through the valve. The gasket may 
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comprise any suitable elastomeric material such as, for example, low density pdyethylene, chlorobutyl, black and 
wKte butadene-acryfonitrile rubbers, butyl rubber and neoprene. Suitable valves are commercially available from 
manufacturers weB known in the aerosol industry, for example, from Valois, France (e.g. DRO, DF30, DF 31/50 ACT, 
DF60), Bespak pic, LTK (e.g. BK300, BK356I and 3MNeotechrac Ltd., UK (e.g. Spraymiser). 

Each filed canister is conveniently fitted into a siitaUe channeling device or actuator prior to use to f onm a 
metered dose inhaler for administration of the medicamOTt into the lungs or nasal cavity of a patient. Suitable 
channeling devk^s comprise for example a valve actuator and a cylindrical or coneJike passage through wNch 
medicament may be deihfered from the filled canister via the metering valve, to the nose or mouth of a patient e.g., a 
mouthpiece actuator. Metered dose inhalers are desgned to deliver a fixed unit dosage of medcament per actuation 
such as, for example, in the range of 10 to 5000 nwcrograms of bioactive agent per actuation. Typically, a single 
charged canister will provide for tens or even hundreds of shots or doses. 

With respect to MDIs, it is an advantage of the present invention that any biocompatible suspension 
medun having adequate vapor pressure to act as a propefiant may be used. Particulariy preferred suspension media 
are compatible with use in a metered dose inhaler. That is, they vmO be able to form aerosols upon the activation of 
the metering vstfve and associated release of pressure. In general, the selected suspension medium should be 
tuocompatiUe (i.e. relativdy non-toxid and non-reactive with respect to the suspended perforated microstructures 
comprising the Uoactive agent. Preferably, the suspension mediun wSI not act as a substantia solvent for any 
components incorporated in the perforated nvcrospheres. Selected embodiments of the invention comprise 
suspensiOT media selected from the group consisting of fiuorocarbons {including those substituted with other 
hdogens), hychifluoroalkanes, periluorocarfaons, hydrocarbons, alcohols, ethers or combinations thereof. It wBI be 
appreciated that, the suspension medium may comprise a nnxture of various compounds selected to impart specific 
characteristu:s. 

Particulariy suitable propellants for use in the MDl suspension mediums of the present invention are those 
propeliant gases that can be lk|uefied wider pressure at room temperature and, upon inhalation or topkral use, are 
safe, toxicologically innocuous and free of side effects. In this regard, compatible propellants may comprise any 
hydrocarbon, fluorocarbon, hydrogen-containing fluorocarbon or mixtures thereof having a sufficient vapor 
pressure to efficiently form aerosols upon activation of a metered dose inhaler. Those propellants typically 
termed hydrofluoroalkanes or HFAs are especially compatible. Suitable propellants include, for example, short 
chain hydrocarbons, hydrogen-containing cMorofiuorocarbons such as CHjClF, CCI2F2CHCIF, CFaCHCIF, 
CHF2CCIF2, CHCIFCHF2, CF3CH2CI, and CClFjCHa; Cu hydrogen-contaning fluorocarbons |e.g. HFAs) such as 
CHF2CHF2, CFaCHjF, CHFjCHa, and CFjCHFCFj; and perfluorocarhons such as CFjCFa and CFgCFzCFa. 
Preferably, a angle perfluorocarbon or hydrogen-containing fluorocarbon is employed as the propeliant. 
Particularly preferred as propellants are 1,1,1,2 tetrafluoroethane (CFaCHsF) (HFA-134a) and 1,1,1,2,3,3,3- 
heptafluoro n-propane (CF3CHFCF3) (HFA-227), perfluoroethane, monocMorodifluoromethane, 1,1difiuoroethane, 
and combinations thereof. It . is desirable that the fomnulations contain no components that deplete 
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stratospheric ozone. In particular it is desirable that the formulations are substantially free of 
cidorofluufocarbons such as CCIaF, CCI2F2, and CFaCCIs. 

Specific fluorocarfaons, or classes of fluorinated compounds, that are useful in the suspension media 
inchJde, but are not limited to, fluoroheptane, fluorocydoheptane, fluoromethylcycioheptane, fluorohexane, 

5 fluorocyciohexane, fluoropentan^ fluorocydopentana, fluoromethyicydopentane, fluorodimethylcydopenttfies, 
fluoromethylcydobutane, fluoradimethylcydobiit»ier fluorotrimeth^ydobutane, fiuorobutane, fluorocydobtitane, 
fiuoropropane, fiuoroethers, fhioropdyethers and fiuorotriethylamines. It vuill be appredated that these compounds 
may be used done or in combination vuith more volatile propdlants. It is a (fistinct advantage that such compounds 
are generdly environmentally sound and Udogicdly non^active. 

10 In addition to the aforementioned fluorocarbons and hydrofluorodkanes, various 

chlorofluorocarbons and substituted fluorinated compounds may also be used as suspension mediimis in 
accordance with the teachings herein. In this respect, FC-11 ICCL3R, FC11B1 |CBrCi2Fl FC11B2 
(CBr2CIFl FC12B2 (CF2Br2|, FC21 (CKCI2a FC21B1 (CHBrCIFL FC-21B2 (CHBr2FL FC-31B1 (CH2BrFl 
FC113A |CCi3CF3h FC-122 {CCiF2CHCI2K FC-123 ICF3CHCI21 FC-132 (CHCIFCHCIFK FC-133 (CHCIFCHF2h 

IS FC-141 (CH2ClCHCia FC-141B (CCI2FCH3K FC-142 (CHF2CH2C!l FC-1S1 ICH2FCH2C1K FC-1S2 
(CH2FCH2a FC H12 (CCIF-CCia FC-1121 (CHCI-CFCI) and FC H31 (CHCI-CHR are aB compatible with 
the teachings herein despite possible attendant environmental concems. As such, each of these compounds 
may be used, done or in combination with other compounds (i.e. less volatile fluorocarbons) to form the 
stabilized respiratory dispersions of the present invention. 

20 Along with the aforementioned embodiments, the stabilized dispersions of the present invention may 

also be used in conjunction with nebulizers to provide an aerosolized medicament that may be administered to 
the pulmonary dr passages of a patient in need thereof. Nebulizers are weB known in the art and codd easily be 
employed for adnrirastration of the ddmed dsperdons without undue experimentation. Breath acthfated nebulizers, 
as wefl as those compridng other types of improvements which have been, or will be, devdoped are dso compatible 

25 with the staUEzed dsperdons and present invention and are contem^dated as fadng with in the scope thereof. 

Nebdizers vyork by f omung aerosols, that is converting a bdk iiqdd into smaD droplets suspended in a 
breatlmble gas. HerSr the aerosdized medicament to be admirastered (preferably to the pulmonary dr passages) wiR 
comprise smaD droplets of suspendon medum assodated with perforated microstructures compridng a Uoactive 
agent. In such embodiments, the stddized disperdons of the present invention wBI typicdiy be friaced in a fluid 

30 reservdr operably assodated with a nebuBzer. The spedfic vdumes of preparation provided means of filling the 
reseivdr, etc., vuiO largdy be dependent on the selection of the indvidud nebulizer and is well within the purview of 
the skilled artisan. Of course, the present invention is entirely compatible with angle-dose nebdizers and mdtiple 
dose nebuEzers. 

Tradtional prior art nebdizer preparations typicdiy comprise aqueous sdutions of the sdected 
3S phannaceuticd compound With such prior art nebuEzer preparations, it has long been established that corruption of 
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the incorporated therapeutic ccmipound can severely reduce efficacy. For example, with conventional aqueous multi- 
dose nebidzer preparations, bacterid contemination is a constant problem. In addition, the solubitized medicament 
may precipitate out, or degrade over time, adversely affecting the delivery profile. This is particulariy true of larger, 
more labile biopdymers such as enzymes or other types of proteins. Precipitation of the incorporated Isoactive agent 
may lead to particle growth that results in a substantial reduction in lung penetration and a corresponding decrease in 
bioavailaUlity. Such dosing incongmities markedy decrease the effectiveness of any treatment. 

The present invention overcomes these and other difficulties by providing stabilized dispersions with 
a suspension medium that preferably comprises a fiuorinated compound (i.e. a fluorochemical, fluorocarbon or 
perfiuorocarbon). Particulady preferred embodiments of the present invention comprise fluorochemicals that are 
liqiid at room temperature. As indicated above, the use of such compounds, whether as a continuous phase or, as 
a suspension medium, provides several advantages over prior art liqtdd inhalation preparations. In this regard, it is 
well established that many fluorochemicals have a proven history of safety and biocompatibility in the lung. Further, 
in contrast to aqueous solutions, fluorochenucals do not negativdy impact gas exchange following pulmonary 
administration. To the contrary, they may actuaBy be able to improve gas exchange and, due to their unique 
wettabiBty characteristics, are able to carry an aerosoGzed stream of particles deeper into the lung, thereby 
improving systemic deEvery of the desired phannaceutical compound. In addition, the relatwely non-reactive nature 
of fluorochemicals acts to retard any degradation of an incorporated bioactive agent Hnally, many fluorochemicais 
are also bacteriostatic thereby decreasing the potoitial for microbid growth in canpatiUe nebulizer devices. 

In any event, nebulizer mediated aerosolization typically requires an input of energy in order to produce the 
increased surface area of the droplets and, in some cases, to provick transportation of the atcmuzed or aerosolized 
medicament. One common mode of aerosolization is forcing a stream of flud to be ejected from a nozzle, whereby 
droplets are formed. Witfi respect to nebidzed adnnnistration, addtional energy is usually imparted to provide 
droidets that will be suffidentty small to be transported de^ into the lungs. Thus, adifitional energy is needed, such 
as tiiat provided by a high vdodty gas stream or a piezodectric crystd. Two poptdar types of nebulizers, jet 
ndidizers and ultrasonic nebdizers, rdy on the aforementioned methods of applying additiond energy to the fluid 
during atomization. 

in tenns of pdmonary ddivery of bioactive agents to the systemic circtdation via nebdtzation, recent 
research has focused on the use of portable hand-hdd dtra^ic nebuEzers, dso referred to as metered sdutions. 
These devices, generdiy known as singie-botus nebulizerSr aerosolize a single bolus of mecfication in an aqueous 
sdution with a partide size effident for deep lung ddivery in one or two breaths. These devices fall into three broad 
categories. The first category comprises pure piezodectric single-bolus nebdizers such as those described by 
MiJttertdn, et d., (J. Aerosd Med. 1988; 1:231). In another category, the dedred aerosd doud may be generated 
by microchannd extrusion angie-bdus nebdizers such as those described in U.S. Pat. No. 3,812,854. RnaHy, a third 
category comprises devices exemplified by Robertson, et d., (WO 9211 1050) which describes cydic pressurization 
dngle-bdtis nebulizers. Each of the aforementioned references is incorporated herdn in thdr entirety. Most devices 
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are manually actuated, but some devices exist which are breath actuated. Breath actuated devices work by 
rdeasing aerosol when the device senses the patient inhaling through a circuit. Breath actuated nebulizers may also 
be placed in-line on a ventilator circuit to release aerosol into the air flow which comprises the inspiration gases for a 
patient. 

S Regardless of which type of nebulizer is employed it is an advantage of the present invention that 

biocompatible nonaqueous compounds may be used as suspension mecSums. Preferably, they will be aUe to fonn 
aerosols upon the application of energy thereto. In general, the selected suspension mecSum should be tnocompatiUe 
Ce. rdativeiy non*toxic) and non-reactive with respect to the suspended perforated microstructures compiising the 
bioactive agent Preferred embodiments comprise suspension media sdected from the group consisting of 

10 fluorKhemicds, fluorocarbons (inducfing those substituted with other halogensK perfluorocarbons, 
fiuorocarbon/hydrocarbon dUocks, hydrocarbons, alcohols, ethers, or combinations thereof. It vuB be ^predated 
that the suspension medium may comprise a nuxture of various compounds selected to impart specific 
characteristics. It will also be appreciated that the perforated microstructures are preferably insoluble in the 
suspension medium, thereby providing for stabilized medicament partides, and effectivdy protecting a sdected 

IS bioactive agent from degradatioa as might occur during prdonged storage in an aqueous sdution. In preferred 
embodiments, the sdected suspension medum is bacteriostatic. Tte suspension fonndation also protects the 
bioactive agent from degradation during the nebuization process. 

As indicated above, the suspension media may comprise any one of a number of different compounds 
inchning hydrocarbons, fluorocarbons or hydrocarfaon/fiuorocarbon dUocks. In general, the comemplated 

20 hydrocarbons or NgMy fluorinated or perfluorinated compounds may be linear, branched or cydtc, saturated or 
unsaturated compounds. Conventional structurd derivatives of these fluorochemicds and hydrocarbons are dso 
comemplated as bdng within the scope of the presem invention as wdl. Sdected embocfments comprising these 
totdly or partially fluorinated compounds may contdn one or more hetero-atoms and/or atoms of bromine or chlorine. 
Preferably, these fluorochemicals comprise from 2 to 16 carbon atoms and indude, but are not imited to, linear, 

25 cyclic or pdycycBc perfiuorodkanes, bis(perfiuoroalkyl)dkenes, perfiuorcmthers, perfluoroamines, periiuorodkyi 
bromides and perfluoroalkyi chlorides such as dchlorooctane. Particdariy preferred fluorinated compounds for use m 
the suspendon medium may comprise perfluorooctyl bromide CeFnBr (PFOB or perflubron), dchiorofluorooctane 
CeFieCI^ and the hydrofluorodkane perfluorooctyl ethane C8Ft7C2H5 (PFOE). With respect to other embodments, the 
use of perfluorohexane or perfluoropentane as the suspendon medum is espedaily preferred. 

30 More generdly, exemplary fiuorocherncds which are contemplated for use in the present invention 

generdly mdude hdogenated fluorochemicals Ce. OJP^^^X, XCJ^iX where n - 2-10, X - Br, CI or 1) and, in 
particdar, 1-bromo-F-butane n-C^FgBr, l-bromo-F-hexane In-CcF^aBr), 1-bromo-F heptane In-CyFigBr), 1,4-dbromo-F- 
butane and 1,6-dbromo-F-hexane. Other useful brominated fluorochemicds are dsdosed in US Patent No. 
3,975,512 to Long and are incorporated herdn by reference. Spedfic fluorochemicds having chloride substituents, 
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such as perfluorooctyl chloride (n-CeFnCI), 1,8-dicNoro-F-octaiiB (n-CICeFieCI), 1,6-dichloro-F-hexane (n-CICeF^CIh and 
1, 4-dicHoro-F butane (n>CIC4FBCI) are also preferred. 

Fluorocarbons, fiuorocarbon-hydrocarbon compounds and halogenated fluorochemicals containing other 
linkage groups, such as esterSr thioethers and amines are also suitable for use as suspension media in the present 
invention. For instance, compounds having the general fonnula, CnF2„.,0C„F2n,*i, or CnF2„*iCH-CHC„F2„.w (as for 
examFde C4F9CH-CHC4F9 (F44E), i-CaFgCH-CHCeFn IF-i36El and CeFnCH-CHCeFnfF-BBE)) where n and m are the 
same or different and n and m are integers from about 2 to about 12 are compatible with teachings herein. Useful 
fluorochemicd-hydrocarbon diblock and triUock compounds indude those with the general fonniias C„F2n*rC„Ha„*i 
and CJF^.fiJi2^u where n - 2-1Z- m - 2-16 or CJA2,.rCJr^CJi2...u where p - MZ m - M2 and n - 2-12. 
Preferred compounds of this type include CsFnCjHs. CeFnCioHai. CeFiyCeHp, CsFnCH-CHCgHn and 
CeF,7CH-CHCioH2,. Substituted ethers or pdyethers (i.e. XC«F2nOC^a„X, XCFOC/jnOCFzX, where n and m - 1-4, X 
- Br, CI or II and fluorochemical-hydrocarbon ether dUocks or trihiocks (i.e. C„F2B*rM„H2„,„ where n - 2-10; m - 
2-16 or CpH2p.rO-C„Fa,0-C„Ha„,„ where p - 212, m - M2 and n • 2-12) may also used as well as C„F2„.,0 
CmF2mOCpH2,»*i, whcrein n, m and p are from M2. Furthennore, depending on the apjfeation, perfluoroalkylated 
ethers or poiyethers may be compatible with the claimed dispersions. 

Polycydic and cyclic fluorochemicals, such as C,oF,8 (FdecaHn or perfluoro(fecafird, 
perfluoroperhydrophenanthrene, perfluorotetramethyteydohexane (AP-1441 and perfhioro n-butyldecalin are also 
within the scope of the invention. Additional useful fluorochemicals include periiuorinated amines, such as F- 
tripropylamine ("FTPAT and Ftributyfamine TFTBA"). F•4^nethyloctahydroquinofizine ("FMOQT F-N^nethyl- 
decahydrdsoquindine |"FMIQ"), F N-methyldecahydroquindine ("FHm, F-N-cydohexylpyrrdidine ("FCHPT and F-2- 
butyltetrahydrofuran rFC75"or -FC-77"). StBI other usefd fluorinated compounds indude perfluorophenanthrcne, 
perfluoromethyldecaiin, perfluorotfimethylethylcydohexane, perfluoro&nethyictecafin, perfluorodethyldecdin, 
perfluoromethyladamantane, pernuorodmethyladamantane. Other contemplated fiuorochemicais having nonfiuorine 
substituents, such as, perfluorooctyl hydride, and similar compounds having Afferent numb^s of carbon atoms are 
also usefid. Those skiDed in the art will further appredate that other variously modified fluorochemicds are 
encompassed within the broad definition of fluorochemical as used in the instant appication and suitable for use in 
the present invention. As such, each of the foregdng compounds may be used, alone or in comUnation with other 
compounds to fonn the stabilized dspersions of the present invention. 

Specific fluorocaitaons, or dasses of fluorinated compounds, that may be usehd as suspension media 
indude, but are not linvted to, fiuoroheptane, fiuoracydoheptane fiuoromethylcydoheptane, fluorohexane, 
fluorocydohexane, fluoropentane, fluorocydopentane, fluoromethyicydopentane, fluorodmethylcydopentanes, 
fluoromethylcydobutane, fluorodimethyicydobutane, fluorotrimethyteydobutane, fluorobutane, fluorocydobutane, 
fluoropropane, fluoroethers, fluoropdyethers and fluorotriethylamines. Such compounds are generafly 
environmentaBy sound and are biologically non-reactive. .... 
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WNie any fluid compound capable of producing an aerosol upon the application of energy may be used in 
conjunction with the present invention, the selected suspension medium will preferably have a vapor pressure less 
than about 5 atmospheres and more preferably less than about 2 atmospheres. Unless otherwise specified, all vapor 
pressures recited heron are measured at 25®C. In other embodiments, preferred suspension media compounds will 
have vapor pressures on the order of about 5 ton' to about 760 torr, with more preferable compounds having vapor 
pressures on the order of from ^out 8 torr to about 600 torr, while stBI more preferable compounds will have vapor 
pressures on the order of from about 10 torr to about 350 torr. Such suspension media may be used in conjunction 
with compressed air nebiiizers, ultrasonic nefauEzers or with mechanical atomizers to provide effective ventilation 
therapy. Moreover, more vdattle compounds may be mhced with lower vapo^ pressure components to provide 
suspension media having specified physical characteristics selected to further improve staUBty or enhance the 
bioavaiiability of the dispersed Uoactive agent 

Other embodiments of the present inventimi directed to nebulizers wiV comprise suspension media that boil 
at selected tonperatures under ambient conditions {i.e. 1 atm). For example, preferred embedments will comprise 
suspension media compounds that bdl above 0°C, above 5°C, above lO^C, above 15°, or above 20°C. In other 
embodiments, the suspension media compoimd may b(d at or above 25**C or at or above 30°C. In yet other 
embodiments, the selected suspension media compound may boil at or above human body temperature (i.e. 37^0, 
above 45*»C, 55»C, 65«a 75''C, 85'»C or above 100«C. 

Along with MDIs and nebulizers, it will be appreciated that the stabilized disperaons of the present 
invention may be used in conjunction with liquid dose instillation or LDi techniques. Liquid dose instiflation involves 
tte direct administration of a stabilized dispersion to the lung. In this regard, direct pulmonary administration of 
bioactive compounds is particularly effective in the treatmem of disorders esfedaily where poor vascular dnajiation 
of diseased portions of a lung reduces the effectiveness of intravenous drug delivery. With respect to LDI the 
stabilized cfispersions are preferably used in conjunction with partial liqiid ventilation or total liquid ventilation. 
Moreover, the present invemion may further comprise introducing a therapeutically beneficial amount of a 
physiologically acceptable gas (such as nitric odde or oxygen) into the phamtaceuticai microdispersion prior to, during 
orfdiowing administration. 

For LOI, the dispersions of the present invention may be administered to the lung using a pulmonary 
deiiv^con(Mt. Those skilled in the art will appredate the tenn "pulmonary delivery conduit", as used herein, 
shall be construed in a broad sense to comprise any device or apparatus, or component thereof, that provides 
for the instillation or administration of a liqud in the lungs. In this respect a pulmonary delivery conduit or 
delivery conduit shall be held to mean any bore, lumen, catheter, tube, conduit, syringe, actuator, mouthpiece, 
endotracheal tube or bronchoscope that provides for the administration or instillation of the disdosed 
dispersions to at least a portion of the pulmonary dr passages of a patient in need thereof. It will be 
appredated that the ddivery conduit may or may not be associated with a liquid ventilator or gas ventilator. 
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In particulariy preferred embodiments the delivery conduit shall comprise an endotracheal tube or 
bronchoscope. 

Here it must be emphasized that the dispersions of the present invention may be administered to 
ventilated (e.g. those connected to a mechanical ventilator) or nonventilated, patients {e.g. those undergoing 
spontaneous respiration). Accordingly, in preferred embodiments the methods and systems of the present 
invention may comprise the use or inclusion of a mechanical ventilator. Further, the stabilized dispersions of 
the present invention may also be used as a lavage agent to remove debris in the lung, or for diagnostic lavage 
procedures. In any case the introduction of liquids, particulariy fluorochemicals. into the lungs of a patient is 
well known and could be accomplished by a skilled artisan in possession of the instant specification without 
undue experimentation. 

Those skilled in the art will appreciate that suspension media compatible with LDI techniques are 
similar to those set forth above for use in conjunction with nebulizers. Accordingly, for the purposes of the 
present application suspension mecfia for dispersions compatible with LDI shall be equivalent to those 
enumerated above in conjunction with use in nebulizers. In any event, it will be appreciated that in 
particulariy preferred LDI embodiments the selected suspension medium shall comprise a fluorochemical that 
is liquid under ambient conditions. 

It will be understood that, in connection with the present invention, the disclosed dispersions are 
preferably administered directly to at least a portion of the pulmonary air passages of a mammal. As used 
herein, the terms ''dir«:t instillation" or "direct administration" shall be held to mean the introduction of a 
stabilized dispersion into the lung cavity of a mammal. That is, the dispersion will preferably be administered 
through the trachea of a patient and into the lungs as a relatively free flowing liquid passing through a 
delivery conduit and into the pulmonary air passages. In this regard, the flow of the dispersion may be gravity 
assisted or may be afforded by induced pressure such as through a pump or the compression of a syringe 
plunger. In any case, the amount of dispersion acfaninistered may be monitored by mechanical devices such as 
flow meters or by visual inspection. 

While the stabilized cfispersions may be administered up to the functional residual capacity of the lungs of a 
patient, it will be appreciated that sdected embodiments will comprise the pulmonary admiristration of much smaller 
vdimes (e.g. on the order of a mifliliter or less). For example, depending on the disorder to be treated, the volume 
administered may be on the order of 1, 3, 5, 10, 20, 50, 100, 200 or 500 milliliters. In preferred embodiments the 
liquid volume is less than 0.25 or 0.5 percent PRC. For particulariy preferred embodiments, the liquid volume 
is 0.1 percent PRC or less. With respect to the administration of relatively low volumes of stabilized 
dispersions it will be appreciated that the wettability and spreading characteristics of the suspension media 
(particulariy fluorochemicals) will facilitate the even distribution of the bioactive agent in the lung. However, 
in other embodiments it may be preferable to administer the suspensions a volumes of greater than 0.5, 0.75 
or 0.9 percent PRC. In any event LDI treatment as disclosed herein represents a new alternative for critically 
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ill patients on mechanical ventilators, and opens the door for treatment of less ill patients with bronchoscopic 
acbninistration. 

It vuiB also be understood that other components can be included in the stabilized dispersions of the present 
invention. For exemplar osmotic agents, stabilizers, chelators, buffers, viscosity modulators, salts, and sugars can be 
added to fine tune the stabilized dispersions for maximum life and ease of administration. Such components may be 
added directly to the suspension medium or associated with, or incorporated in, the perforated microstmctures. 
Considerations such as steiifity, isotoridty, and biocompatibiBty may govem the use of conventional additives to the 
disclosed compositions. The use of such agents wil be understood to those of ordinary skil in the art and, the 
specific quantities, ratios, and types of agents can be detemiined empirically without undue experimentation. 

Moreover, while the stabilized dispersions of the present invention are particularty siatable for the 
piimonary administration of Uoactive agents, they may also be used for the localized or systemic adnunistration of 
cmpounds to any location of the body. Accordingly, it should be emphasized that in preferred embodiments, the 
formulations may be administered using a number of different routes includng, but not Bmrted to, the gastrointestinal 
tract, the respiratory tract, topically, intramuscularly, intraperitoneaHy, nasally, vagindty, rectally, aurally, orally or 
ocular. More generally, the staUiized dispersions of the present invemion may be used to ddver agents topicafly or 
by adnnnistration to a non-pulmonary body cavity. In preferred embodiments the body cavity is selected from the 
group consisting of the peritoneum, sinus cavity, rectum, urethra, gastrointestind tract, nasal cavity, vagina, 
auditory meatus, oral cavity, buccal pouch and pleura. Among other indications, stabilized dispersions comprising the 
appropriate bioactive agent, (e.g. an antibiotic or an anti-inflammatory), may be used to treat infections of the ey^ 
sinusitis, infections of the auditory tract and even infections or dsorders of the gastrmntestinal tract. With respect 
to the latter, the dispersions of the present invention may be used to selectively deliver phannaceutk:al compounds to 
the ining of the stomach for the treatment of H. /rfyof/ infections or other deer related disorders. 

With regard to the perforated microstructure powders and stabiized dispersions disclosed herein those 
skiledin the art will appreciate that they may be advantageously supplied to the physician or other health care 
professional, in a sterile, prepackaged or kit fonn. More particularty, the fonnulations may be supplied as 
stable powders or preformed dispersions ready for administration to the patient. Conversely, they may be 
provided as separate, ready to mix components. When provided in a ready to use form, the powders or 
dispersions may be packaged in single use containers or reservoirs, as well as in midti-use containers or 
reservoirs. In either case, the contaner or reservoir may be associated with the selected inhalation or 
administration device and used as described herein. When provided as individual components ie.g., as 
powdered microspheres and as neat suspension medium) the stabilized preparations may then be formed at 
any time prior to use by simply combining the contents of the containers as directed. Additionally, such kits 
may contain a number of ready to mix, or prepackaged dosing units so that the user can then administer them 
as needed. 
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Although preferred embodiments of the present invention comprise powders and stabilized dispersions for 
use in pharmaceutical applications, it will be appreciated that the perforated microstructures and tSsdosed 
dispersions may be used for a number of non pharmaceutical applications. That is, the present invention provides 
perforated microstructures which have a broad range of applications where a powder is suspended andjor 
aerosolized. In particular, the present invention is especially effective where an active or bioactive ingredient 
must be dissolved, suspended or solubilized as fast as possible. By increasing the surface area of the porous 
microparticles or by incorporation with suitable excipients as described herein, will result in an improvement in 
dispersibility, and/or suspension stability. In this regard, rapid dispersement applications include, but are not 
limited to: detergents, dishwasher detergents, food sweeteners, condiments, spices, mineral flotation 
detergents, thickening agents, foliar fertilizers, phytohormones, insect pheromones, insect repellents, pet 
repelients, pesticides, fungicides, disinfectants, perfumes, deodorants, etc. 

Applications that require finely divided particles in a non aqueous suspension media (i.e., solid , liquid 
or gaseous) are also contemplated as being within the scope of the present invention. As explained herein, 
the use of perforated microstructures to provide a "homodispersion" minimizes particle-particle interactions. 
As such, the perforated microspheres and stabilized suspensions of the present invention are particularly 
compatible with applications that require: inorgaroc pigments, dyes, inks, paints, explosives, pyrotechnic, 
adsorbents, absorbents, catalyst, nucleating agents, polymers, resins, insulators, fillers, etc. The present 
invention offers benefits over prior art preparations for use in applications which require aerosolization or 
atomization. In such non pharmaceutical uses the preparations can be in the form of a Gquid suspension (such 
as with a propeilant) or as a dry powder. Preferred embodiments comprising perforated nucrostructures as^ 
described herein include, but are not limited to, ink jet printing formulations, powder coating, spray paint . 
spray pestiddes etc. 

The foregoing description will be more fully understood with reference to the following Examples. Such 
Examples, are, however, merely representative of preferred methods of practicing the present invention and should 
not be read as limiting the scope of the invention. 

I 

Preparation of Hollow Porous Particles of Gentamicin Sulfate bv Sorav DrvinQ 

40 to 60ml of the following solutions were prepared for spray drying: 

50% w/w hydrogenated phosphatidylchoiine, E- 100-3 

(Lipoid KG, Ludwigshafen, Germany) 
50% w/w gentamicin sulfate (Amresco, Solon, OH) 
Perfluorooctylbromide, Perflubron (NMK, Japan) 
Deionized water 

Perforated microstructures comprising gentamictn sulfate were prepared by a . spray drying 
technique using a 8*191 Mini Spray-Drier (Buchi, Flawil, Switzerland) under the following conditions: 
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aspiration: 100%, inlet temperature: 85**C; outlet temperature: 6rC; feed pump: 10%; flow: 2,800 Uhr. 
Variations in powder porosity were examined as a function of the blowing agent concentration. 

Fluorocarbonin-water emulsions of perfluorooctyl bromide containing a 1:1 w/w ratio of 
phosphatidylcholme (PC), and gentamicin sulfate were prepared varying only the PFC/PC ratio. 1.3 grams of 
hydrogenated egg phosphatidylcholine was dispersed in 25 mL deionized water using an Ultra-Turrax mixer 
(model T-25J at 8000 rpm for 2 to 5 minutes (T - 60-70^C). A range from 0 to 40 grams of perflubron was 
added *opwnse during mudngfr - 60-70" CK After addition was complete, the fluorocarbon-in-water emulsion was 
mixed for an additional period of not less than 4 minutes. The resulting coarse emulsions were then homogenized 
under Mgh pressure with an Avestin (Ottawa, Canada) homogenizer at 15,000 psi for 5 passes. Gentamicin sulfate 
was dissolved in approximateiy 4 to 5 mL deionized water and subsequently mixed with the perflubron emulsion 
immediately prior to the spray dry process. The gentamidn powders were then obtmned by spray drying using 
the conditions described above. A free f lovwng pale yellow powder was obtained for all perflubron containing 
formulations. The yield for each of the various formulations ranged from 35% to 60%. 

11 

MoroholoQV of Gentamicin Sulfate Sprav-Dried Powders 
A strong dependence of the powder morphology, degree of porosity, and production yield was observed as 
a function of the PFCIPC ratio by scanning electron microscopy (SEM). A series of six SEM micrographs 
illustrating these observations, labeled 1A1 to 1F1, are shown in the left hand column of Fig. 1. As seen in 
these micrographs, the porosity and surface roughness was found to be highly dependent on the 
concentration of the blowing agent, where the surface roughness, number and size of the pores increased 
with increasing PFCfPC ratios. For example, the formulation devoid of perfluorooctyl bromide produced 
microstructures that appeared to be highly agglomerated and readily adhered to the surface of the glass vial. 
Similarly, smooth, sphericsdly shaped micropartides were obtained when relatively little (PFC/PC ratio - 1.1 
or 2.2) blowing agent was used. As the PFC/PC ratio was increased the porosity and surface roughness 
increased dramatically. 

As shown in the right hand column of Fig. 1, the hollow nature of the microstructures was also 
enhanced by the incorporation of additional blowing agent More particularly, the series of six micrographs 
labeled 1A2 to 1F2 show cross sections of fractured microstructures as revealed by transmission electron 
microscopy (TEM). Each of these images was produced using the same microstructure pr^aration as was used to 
produce the corresponding SEM micrograph in the left hand column. Both the hollow nature and wall thickness of 
the resulting perforated microstructures appeared to be largdy dependent on the concentration of the 
selected blowing agent. That is, the hollow nature of the preparation appeared to increase and the thickness 
of the particle walls appeared to decrease as the PFC/PC ratio increased. As may be seen in Figs. 1 A2 to 1C2 
substantially solid structures were obtained from formulations containing littie or no fluorocarbon blowing 
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agent. Conversely, the perforated microstructures produced using a relatively high PFC /PC ratio of 
approximately 45 (shown in Fig. 1F2 proved to be extremely hollow with a relatively thin waH rangmg from 
about 43.5 to 261 nm. Both types of particles are compatible for use in the present invention. 

ill 

Preparation of Sorav Dried Gentamicin 

Sulfate Particles using Various Blowing Aoents 

40 milliliters of the following solutions were prepared for spray drying: 

B0% w/w Hydrogenated Phosphatidylcholine, £100-3 

(Lipdd KG, Ludwigshafen, Germany) 
50% w/w Gentamicin Sulfate iAmresco, Solon Ohio) 
Deionized water. 

Blowing Agents: 

Perfluorodrcaiinr FDC (Air products, Allenton PA) 
Perfluorooctylbromide, Perflubron (Atochem, Paris, France) 
Perfluorhexane, PFH (3M, St. Paul WIN) 
1,1,2 trichlorotrifluoroethane, Freon 1 13 (Baxter, McGaw Park, ID 

Hollow porous microspheres with a model hydrophilic drug, e.g., gentamicin sulfate, were prepared 
by spray drying. The blowing agent in these formulations consisted of an emulsified fluorochemical (FC| oil. 
Emulsions were prepared With the following FCs: PFH, Freon 113, Perflubron and FDC. 1.3 grams of 
hydrogenated egg phosphatidylcholine was dispersed in 25 ml deionized water using a Ultra-Turrax mixer 
(model T-25) at 8000 rpm for 2 to 5 minutes IT - 60-70). 25 grams of FC was added dropwise during mixing (T 
» 60-70*^0. After the addtion was complete, the FC in- water emulsion was muced for a total of not less than 4 
minutes. The resulting emulsions were then further processed using an Avestin (Ottawa, Canada) high pressure 
homogenizer at 15,000 psi and 5 passes. Gentamicin sulfate was dissolved in approximately 4 to 5 ml deionized 
water and subsequently mixed with the FC emulsion. The gentamicin powders were obtained by spray drying 
IBuchi, 191 Mini Spray Dryer). Each emulsion was fed at a rate of 2.5 mUmin. The inlet and outlet 
temperatures of the spray dryer were 85°C and 55° C respectively. The nebulization air and aspiration flows 
were 2800 L/hr and 100% respectively. 

A free flowing pale yellow dry powder was obtained for all formulations. The yield for the various 
formulations ranged from 35 to 60%. The various gentamicin sulfate powders had a mean volume weighted 
particle diameters that ranged from 1 .52 to 4.91 //m. 

IV 

Effect of Blowing Aoent on the Mornholoov of 
Gentamicin Sulfate Snrav-Dried Powders 
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A strong dependence of the powder morphology, porosity, and production yield (amount of powder 
captured in the cyclone) was observed as a function of the blowing agent bdiing point In this respect the powders 
produced in Example 111 were observed using scanning electron microscopy. Spray drying a fiuorochemical (FC) 
emulsion with a boiling point below the 55°C outlet temperature (e.g., perfluorohexane [PFH] or Freon 113], 
yielded amorphously shaped (shriveled or deflated) powders that contained little or no pores. Whereas, 
emulsions formtdated with higher boiling FCs (e.g., perflubron, perfiuorodecalin, FDC) produced spherical 
porous particles. Powders produced with higher boiling blowing agents also had production yields 
approximately two times greater than powders produced using relatively low bdKng point blowing agents. 
The selected blowing agents and their boiling points are shown in Table II directly below. 



Table II 



Blowing Agent 


<bp "0 


Freon 113 


47.6 


PFH 


S6 


FDC 


141 


Perflubron 


141 



Example IV illustrates that the physical characteristics of the blowing agent (i.e., boiling point) 
1 S greatly influences the ability to provide perforated microparticles. A particular advantage of the present 
invention is the ability to alter the microstructure morphology and porosity by modifying the concEtions and 
nature of the blowing agent. 

V 

20 Preoaration of Sorav Dried Albuterol Sulfate 

Particles usina Various Blowing Agents 

Approximately 185 ml of the following solutions were prepared for spray drying: 

49% w/w Hydrogenated Phosphatidylcholine, El 00-3 

(Lip«d KG, Ludwigshafen, Germany) 
25 50% w/w Albuterol Sulfate 

(Accurate Chemical, Westbury, NY) 
1 % w/w Poloxamer 1 88, N F grade (Mount Olive, NJ) 
Deionized water. 

30 Blowwo Aoems: 

Perfluorodecalin, FDC (Air products, Allenton PA) 
Perfluorooctylbromide, Perflubron (Atochem, Paris) 
Perfluorobutylethane F4H2 (F-Tech, Japan) 
Perfluorotributylamine FTBA (3M, St. Paul, MN) 

35 

Albuterol sulfate powder was prepared by spray-drying techroque by using a B-191 Mini Spray-Drier 
(Buchi, Flawil, Switzerland) under the following conditions: 
Aspiration: 100% 
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Inlet temperature: 85 ^ C 
Outlet temperature: 61 
Feed pump: 2.5 mUmin. 
N2 flow: 47 L/min. 

5 

The feed solution was prepared by mixing solutions A and B prior to spray drying. 
Solution A : Twenty grams of water was used to dissolve 1.0 grams of Albuterol sulfate and 0.021 
grams of poloxamer 188. 

Solution B represented an emulsion of a fluorocarbon in water, stabilized by a phospholipid, which 
10 was prepared in the following way. Hydrogenated phosphatidylcholine 11.0 grams) was homogeniied in 150 
grams of hot deionized water (T « 50 to 60'' C) using an Ultra Turrax mixer (model T-25) at 8000 rpm, for 2 
to 5 minutes (T - 60-70°C). Twenty-five grams of Perflubron {Atochem, Paris, France) was added dropwise 
during mixing. After the adtfition was complete, the Huorochemicai-in-water anuision was mixed for at least 4 
minutes. The resdting emulsion was then processed using an Avestin (Ottawa, Canada) high-pressure homogenizer 
15 at 18,000 psi and 5 passes. Solutions A and B were combined and fed into the spray dryer under the 
conditions described above. A free flowing, white powder was collected at the cyclone separator as is 
standard for tlus spray dryer. The albuterol sulfate powders had mean volume weighted particle diameters 
ranging from 1.28 to 2.77 //m, as determined by an Aerosizer (Amherst Process Instruments, Amherst, MA). 
By SEM, the aibuterd suif ate/phosphoEpid spray dried powders were spherical and highly porous. 
20 Example V further demonstrates the wide variety of blowing agents that may be used to provide 

perforated micropartides. A particular advantage of the present invention is the ability to alter the 
microstructure morphology and porosity by manipulating the formulation and spray drying conditions. 
Furthermore, Example V dononstrates the particle diversity achieved by the present invention and the ability to 
effectively incorporate a wide variety of phannaceuticai agents therein. 

25 

VI 

Preparation of Hollow Porous PVA Particles 

by Spray Drvino a Water-in-oil Emulsion 

1 00 ml of the following solutions were prepared for spray drying: 

3 0 80% w/w Bis(2-ethyl hexyl) Sulf osucctnic Sodum Salt, 

(Aerosol OT, Kodak, Rochester, NY) 
20% w/w Polyvinyl Alcohol, average molecular weight -30,000-70,000 

(Sigma Chemicals, St. Louis, MO) 
Carbon Tetrachloride (Aldrich Chenucals, Milwaukee, Wl) 
35 Daonized water. 

Aerosol OT/poiyvinyl alcohol particles were prepared by spray-drying technique using a B-191 Mini 
Spray-Drier (Biichi, Hawil, Switzerland) under the following conditions: 
Aspiration: 85% 
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Inlet temperature: 60'' C 
Outlet temperature: 43''C 
Feed pump: 7.5 mUmin. 
N2 flow: 36 Umin. 

5 

Solution A: Twenty grams of water was used to dissolve 500 milligrams of polyvinyl alcohol (PVAI. 
Solution B represented an emulsion of carbon tetrachloride in water, stabilized by aerosol OT, which 
was prepared in the following way. Two grams of aerosol OT, was dispersed in 80 grams of carbon 
tetrachloride using a Ultra Turrax mixer (model T-25) at 8000 rpm for 2 to 5 minutes (T - 15"" to 20*^0. 
1 0 Twenty gr Jms of 2.5% wiv PVA was added dropwise during mixing. After the addition was complete^ the water- 
in-oii emulsion was mned for a total of not less than 4 nunutes (T - IS"" to 20*^0. The resulting emulsion was tiien 
processed using an Avestin (Ottawa, Canada) high-pressure homogenizer at 12,000 psi and 2 passes. The emulsion 
was then leo mto the spray dryer under the conditions described above. A free flowing, white powder was 
« collected at the cyclone separator as is standard for this spray dryer. The Aerosol OTfPVA powder had a 
15 mean volume weighted particle diameter of 5.28 ± 3.27 //m as determined by an Aerosizer (Amherst Process 
Instruments, Amherst MA). 

Example VI furth^ demonstrates the variety of emulsion systems (here, reverse water-in oil), 
formulations and conditions that may be used to prowde perforated microparticies. A particular advantage of 
the present invention is the atniity to alter formulations and/or conditions to produce compositions having a 
20 microstructure with selected porosity. This principle is further illustrated in the following example. 

VII 

Preparation of Hollow Porous Polvcaprolactone 
Particles bv Sorav Orvina a Water-in-Oil Emulsion 
100 mis of the following solutions were prepared for spray drying: 

80% w/w Sorbitan Monostearate, Span 60 (Aldrich Chemicals, MihA/aukee, Wl) 
20% w/w Polycaprolactone, average molecidar weight - 65,000 

(Aldrich Chemicals, Milwaukee, Wl) 
Cart)on Tetrachloride (Aldrich Chemicals, Milwaukee, Wl) 
Deionized water. 

Span BOIpolycaprolactone particles were prepared by spray-drying technique by using a B-191 Mini 

Spray-Orier (Buchi, Hawil, Switzeriand) under the following conditions: 

Aspiration: 85% 
Inlet temperature: 50^ C 
Outlet temperature: 38^C 
Feed pump: 7.5 mUmin. 
N2 flow: 36 Umin. 



25 
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A watenn-carbon tetrachloride emulsion was prepared in the following manner. Two grams of 
Span 60, was dispersed in 80 grams of carbon tetrachloride using an Ultra-Turrax mixer Imodel T-25) at 8000 
rpm for 2 to 5 minutes IT - 15 to 20'' C). Twenty grams of deionized water was added dropwise during 
mixing. After the addition was complete, the waternn-oii emulsion was mixed for a total of not less than 4 minutes 
(T - 15 to 20^ C). The resulting emulsion was then further processed using an Avestin (Ottawa, Canada) high- 
pressure homogeiizer at 12,000 psi and 2 passes. Rve hundred milligrams of polycaprolactone was added 
directly to the emulsion and, mixed until thoroughly dissolved. The emulsion was then fed into the spray dryer 
under the concitions described above. A free flowing, white powder was collected at the cydone separator 
as IS standard for this dryer. The resulting Span 60(polycaprolactone powder had a mean volume weighted 
particle diameter of 3.15 ± 2.17 fjm. Again, the present Example demonstrates the versatility the instant 
invention with regard to the feed stock used to provide the desired perforated microstructure. 



VIII 

Preparation of hollow porous powder bv sorav drvino a oas-in-water emulsion 
The following solutions were prepared with water for injection: 
Solution 1: 

3.9% wfv m-HES hydroxyethylstarch (Ajinomoto, Tokyo, Japan) 

3.25% wfv Sodum cMoride (Mallinckrodt St. Louis, MOI 
2.83% w/v Sodium phosphate, dibasic (Mallinckrodt, St. Louis, MO) 
0.42% w/v Sodium phosphate, monobasic (Mallinckrodt, St. Louis, MO) 

Solution 2: 

0.45% w/v Poloxamer 1 88 (BASF, Mount Olive, NJ) 
1 .35% w/v Hydrogenated egg phosphatidylcholine, EPC-3 
(Lipoid KG, Ludwigshafen, Germany) 

The ingredents of solution 1 were dissolved in wann water using a stir plate. The surfactants in solution 2 
were dispersed in water using a high shear mbcer. The solutions were combined following emulsificatton and 
saturated with ratrogen prior to spray drying. 

The resulting dry, free flowing, hollow spherical product had a mean particle diameter of 2.6 ±1.5 
/jm. The particles were spherical and porous as determined by SEM. 

This example illustrates the point that a wide of blowing agents (here nitrogen) may be used to 
provide microstructures exhibiting the desired morphology. Indeed, one of the primary advantages of the 
present invention is the ability to alter formation conditions so as to preserve biological activity (i.e. with 
proteins), or to produce microstructures having selected porosity. 



IX 

Suspension StaMlitv of Gentamirin Sulfate SpravDried Powders 
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The suspension stability was defined as, the resistance of powders to cream in a nonaqueous 

medium using a dynamic photosedimentation method. Each sample was suspended in Perflubron at a 

concentration of 0.8 mg/mL. The creaming rates were measured u^ng a Horiba CAPA*700 

photosedimentation particle size analyzer (Irvine, CA) under the following conditions: 

D (max): 3.00 //m 

D(min.): 0.20 jjxn 

O(Div): 0.10//m 
Rotor Speed: 3000 rpm 

X: 10 mm 

The suspended particles were subjected to a centrifugal force and the absorbance of the suspension 
was measured as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
stability. Absorbance data was plotted versus time and the area under the curve was integrated between 0.1 
and 1 min., which was taken as a relative measurement of stability. Figure 2 graphically depicts suspension 
stability as a function of PFC/PC ratio or porosity. In tKs case, the powder porosity was found to increase 
with increasing PFC/PC. Maximum suspension stability was observed with formulations having PFC/PC ratios 
between 3 to 15. For the most part, these formulations appeared stable for periods greater than 30 minutes 
using visual inspection techniques. At points beyond this ratio, the suspensions flocculated ra|ridly indicating 
decreased stability. Similar results were observed using the cream layer ratio method, where it was observed 
that suspensions with PFC/PC ratios between 3 to 15 had a reduced cream layer tUckness, indicating 
favorable suspension stability. 



X 

Preparation of Holiow Porous Particles of Albuterol Sulfate bv SDrav-Drvino 
Hollow porous albuterol sulfate particles were prepared by a spray-drying technique with a B-IOI 
Mini Spray-Drier (Buchi, Hawii, Switzerland! under the following spray conditions: aspiration: 100%, inlet 
tmperature: SS'^C; outlet temperature: 61 ''C; feed pump: 10%; N2 flow: 2,800 L/hr. The feed solution was 
prepared by mixing two solutions A and B immediatdy prior to spray drying. 

Solution A: 20g of water was used to cSssolve 1g of albuterol sulfate (Accurate Chemical, 
Westbury, NY) and 0.021 g of poloxamer 188 NF grade (BASF, Mount Olive, NJ). 

Solution B: A fluorocarbon-in-water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC-100-3 (Lipoid KG, Ludwigshafen, Gennany), was homogenized in 
150g of hot ddonized water (T - 50 to BO'^C) using an Ultra-Turrax mixer (model T-251 at 8000 rpm for 2 to 
5 minutes (T - BO-TO^'C). 25g of perfluorooctyl bromide (Atochem, Paris, France) was added dropwise during 
mixing. After the fluorocartion was added, the emulsion was mixed for a period of not less than 4 minutes. The 
resulting coarse emulsion was then passed through a high pressure homogenizer (Avestia Ottawa^ Canada) at 
1 8,000 psi for 5 passes. 
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Solutions A and B were combined and fed into the spray-dryer under the conditions described above. 
A free flowing, white powder was collected at the cyclone separator. The hollow porous albuterol sulfate 
particles had a volume-weighted mean aerodynamic diameter of 1.18 ± 1.42 //m as determined by a time of- 
flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). Scanning electron microscopy 
5 (SEM) analysis showed the powders to be spherical and highly parous. The tap density of the powder was 
detennined to be less than 0.1 gfcml 

This foregdi^ example serves to illustrate the inherent cfiversity of the present invention as a drug delivery 
platform capable of effectively incorporating any one of a number of pharmaceutical agents. The principle is further 
illustrated in the next example. 

10 

XI 

Preparation of Hollow Porous Particles of BDP bv SDrav-DrvinQ 
Perforated microstructures comprisng bedomethasone cfipropionate (BDP) particles were prepared 
by a spray-drying technique with a B-191 Mini Spray Orier (Buchi, Flawil Switzerland) under the following 

15 spray conditions: aspiration: 100%, inlet temperature: 85**C; outlet temperature: 61^C; feed pump: 10%; N2 
flow: 2,800 L/hr. The feed stock was prepared by mixing 0.11 g of lactose with a fluorocarbon-in-water 
emulsion immediately prior to spray drying. The emulsion was prepared by the technique described below. 

74 mg of BOP (Sigma, Chemical Co., St. Louis, MO), 0.5g of EPC-100-3 (Lipoid KG, Ludwigshafen, 
Germany), 15mg sodium oleate (Sigma), and 7mg of poloxamer 188 (BASF, Mount Olive, NJ) were dissolved 

20 in 2 ml of hot methanol. The methanol was then evaporated to obtain a thin film of the phospholipidfsteroid 
mixture. The phospholipid/steroid mixture was then dspersed in 64g of hot deionized water (T - 50 to 60°C) 
using an Ultra Turrax mixer (model T-2S) at 8000 rpm for 2 to 5 minutes (T - 60-70''C|. 8 g of perflubron 
(Atochem, Paris, France) was added dropwise during mixing. After the adifition was complete, the emulsion was 
mixed for an additional period of not less than 4 minutes. The resulting coarse emulsion was then passed through a 

25 high pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 passes. This emulsion was then used to 
fonn the feed stock which was spray dried as described above. A free flowing, white powder was collected at 
the cydone separator. The hollow porous BDP partides had a tap density of less than 0.1 g/cml 

XII 

30 Preparation of Hollow Porous Partides of Cromolyn Sodium bv SDrav-Orvinq 

Perforated microstructures comprising cromolyn soefium were prepared by a spray-drying technique 
with a B-191 Miiri Spray-Drier (Buchi, Flawil, Switzertand) under the following spray concfitions: aspiration: 
100%, inlet temperature: 85^*0; outlet temperature: 61**C;feed pump: 10%; N2 flow: 2,800 LIhr. The feed 
solution was prepared by mixing two sdutions A and B immediately prior to spray drying. . 
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Solution A: 20g of water was used to dissolve 1g of cromolyn sodium (Sigma Chemical Co, St. Louis, 
MOI and 0.021 g of poloxamer 188 NF grade (BASF, Mount Olive, NJ). 

Solution B: A fluorocarbon-in water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC*1 00-3 (Lipoid KG, Ludwigshafen, Germany), was homogenized in 
5 150g of hot deionized water (T - 50 to 60^0 using an Ultra-Turrax mixer (model T-25) at 8000 rpm for 2 to 
5 minutes (T - 60-70^0. 27g of perfluorodecalin (Air Products, Allentown, PA) was added dropwise during 
mixing. After the fluorocarbon was addedl the emulsion was nuxed for at least 4 minutes. The resulting coarse 
emission was then passed through a high pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 
passes. 

1 0 Solutions A and B were combined and fed into the spray dryer under the conditions described above. 

A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous cromolyn 
sodum particles had a volume*weighted mean aerodynamic diameter of 1.23 ± 1.31 jjm as determined by a 
time of-flight analytical method (Aerosizer, Amherst Process Instruments, Amherst MA). As shown in Hg. 3, 
scanning electron microanpy (SEM) analysts showed the powders to be both hollow and porous. The tap density of 

15 the powder was detemuned to be less than 0.1 g/cm^ 

XIII 

Preparation of Hollow Porous Particles of DNase I bv Sprav-DrvinQ 
Hollow porous DNase I particles were prepared by a spray drying technique with a 8-191 Mini 
20 Spray-Drier (Buchi, Hawil, Switzeriand) under the following conifitions: aspiration: 100%, inlet temperature: 
BO'C; outlet temperature: 6rC; feed pump: 10%; N2 flow: 2,800 L/hr. The feed was prepared by mixing two 
solutions A and B immediately prior to spray drying. 

Solution A: 20g of water was used to dissolve 0.5gr of human pancreas DNase I (Caliriochem, San 
Diego CA) and 0.01 2g of poloxamer 188 NF grade (BASF, Mount Olive, NJ). 
25 Solution B: A fluorocarbon-in-water emulsion stabilized by phospholipid was prepared in the 

following way. The phosphdipid, 0.52g EPC-100 3 (Lipoid KG, Ludvwigshafen, Germany), was homogenized in 
87g of hot deionized water (T - 50 to GO'^C) using an Ultra Turrax mixer (model T-251 at 8000 rpm for 2 to 5 
minutes (T • 60-70*^0. 13g of perflubron (Atochem, Paris, France) was added dropvuse during mixing. After 
the fluorocariion was added the emulsion was mixed for at least 4 minutes. The resulting coarse emiiaon was then 
3 0 passed through a Irigh pressure homogenizer (Avestia Ottawa, Canada) at 1 8,000 psi for 5 passes. 

Solutions A and B were combined and fed into the spray dryer under the conditions described above. 
A free flowing, pale yellow powder was collected at tiie cyclone separator. The hollow porous DNase I 
particles had a volume-vveighted mean aerodynamic cfiameter of 1.28 ± 1.40 yum as determined by a time-of- 
flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). Scanning electron 
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microscopy ISEM) analysis showed the powders to be both hollow and porous. The tap density of the powder was 
determined to be less than 0.1 g/cml 

The foregoing example further illustrates the extraorcfinary compatilnlity of the present invention with a 
variety of Uoactive agents. That is, in edition to relatively small, hardy compounds such as steroids, the 
preparations of the present invention may be fonnulated to effectively incorporate larger, fragile molecules such as 
proteins and genetic material. 

XIV 

Preparation of Perforated Ink Polymeric Particles bv Sorav Drvino. 
In the following hypothetical example, finely-divided porous spherical resin particles which may 
contain coloring material such as a pigment, a dye, etc. are formed using the following formulation in 
accordance with the teachings herein: 



co-monomer 
co-monomer 
carrier 
emulsifier 

modifier 
0.030 g initiator 
0.50 g pigment 



Formulation: 

Butadiene 7.5 g 

Styrene 2.5 g 

Water 18.0 g 

Fatty Acid Soap 0.5 g 

n-Dodecyl Mercaptan 0.050 g 
potassium persulfate 
carbon Black 



The reaction is allowed to proceed at 50*^0 for 8 hours. The reaction is then terminated by spray 

drying the emulsion using a high pressure liqud chromatography (HPLC) pump. The emulsion is pumped 

through a 200 x 0.030 inch i.d. stainless sted tubing into a Niro atomizer portable spray dryer INiro Atomize, ^ 

Copenhagen, Denmark) equipped with a two fluid nozzle (0.01" i.d.) employing the following settings: 

Hot air flow rate: 39.5 CFM 

Inlet air temp.: 180**C 
Outlet air temperature: 80° C 
Atomizer nitrogen flow: 45 LImin, 1,800 psi 
Liquid feed rate: 33 mL/min 

tt will be appreciated that unreacted monomers serve as blowing agents, creating the perforated 
microstructure. The described formulation and conditions yield free flowing porous polymeric particles 
ranging from 0.1-100/ym that may be used in ink formulations. In accordance with the teachings herein the 
microparticles have the advantage of incorporating the pigment directly into the polymeric matrix. The 
process allows for the production of different particle sizes by modifying the components and the spray 
drying conditions with the pigment particle diameter f^rgely dictated by the diameter of the copolymer resin 
particles. 
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XV 

Andersen Impactor Test for Assesstno MDI and DPI Performance 
The MDIs and DPIs were tested using cooimonly accepted pharmaceutical procedures. The method 
utilized was compliant with the United State Pharmacopeia (USP) procedure (Pharmacopeial Previews (198B) 
5 22:3065-3088) incorporated herein by reference. After 5 shots to waste, 20 shots from the test MDI were 
made into an Andersen Impactor. The number of shots employed for assessing the DPI fomnulations was 
dictated by the drug concentration and ranged from 10 to 20 actuations. 

Extraction procedure. The extraction from all the plates, induction port, and actuator were 
performed in closed vials with 10 mL of a suitable solvent. The filter was installed but not assayed, because 

10 the polyacryiic binder interfered with the analysis. The mass balance and particle size distribution trends 
indicated that the deposition on the filter was negligibly small. Methanol was used for extraction of 
beciomethasone diprofrionate. Deionized water was used for albuterol sulfate, and cromolyn socfium. For 
albuterol MDIs, 0.5 ml of 1 N sodium hydroxide was added to the plate extract, winch was used to convert 
the albuterol into the phenolate form. 

IS Quantitation procedure. All drugs were quantitated by absorption spectroscopy (Beckman DU640 

spectrophotometer) relative to an external standard curve with the extraction solvent as the blank. 
Beciomethasone dipropionate was quantitated by measuring the absorption of the plate extracts at 238 nm 
Albuterol MDIs were quantified by measuring the absorption of the extracts at 243 nm, while cromolyn 
sodium was quantitated using the absorption peak at 326 nm. 

20 Calctdation procedure. For each MDI, the mass of the drug in the stem (component -3), actuator (- 

2), induction port (-1) and plates (0-7) were quantified as described above. Stages -3 and -2 were not 
quantified for the DPI since this device was only a prototype. The main interest was to assess the 
aerodynamic properties of the powder which leaves this device. The Fine Particle Dose and Fine Particle 
Fraction was calculated according to the USP method referenced above. Throat deposition was defined as 

25 the mass of drug found in the induction port and on plates 0 and 1. The mean mass aerodynamic diameters 
(MMAD) and geometric standard diameters (GSD) were evaluated by fitting the experimental cumulative 
function with log-normal distribution by using two-parameter fitting routine. The results of these experiments 
are presented in subsequent examples. 

30 XVI 

Preparation of Metered Dose Inhalers Containing Hollow Porous Particles 
A pre-weighed amount of the hollow porous particles prepared in Examples I, X, XI, and XII were 
placed into 10 ml aluminum cans, and dried in a vacuum even under the flow of nitrogen for 3 • 4 hours at 
40 C. The amount of powder filled into the can was determined by the amount of drug required for 
35 therapeutic effect. After this, the can was crimp sealed using a DF31/50act 50 I valve (Valois of America, 
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Greenuvich, CT) and filled with HFA-134a (DuPont, Wilmington, DEI propeliant by overpressure through the 
stem. The amount of the propeliant in the can was determined by weighing the can before and after the fill. 

XVII 

5 Effect of Powder Porosity on MP! Performance 

In order to examine the effect powder porosity has upon the suspension stability and aerodynamic 
diameter, MDIs were prepared as in Example XVI with various preparations of perforated microstructures 
compriang gentamicin formulations as described in Example 1. MDIs containing 0.48 wt % spray dried 
powders in HFA 134a were studied. As set forth in Example 1, the spray dried powders exhibit varying 
1 0 porosity. The formulations were filled in dear glass vids to allow for visual examination. 

A strong dependence of the suspension staUity and mean volume weighted aerodynamic dameter was 
observed as a function of PFC/PC ratio andjor porosity. The volume weighted mean aerodynamic diameter 
(VMAD) decreased and suspension statniity increased with increasing porosity. The powders that appeared 
solid and smooth by SEM and TEM techniques had the worst suspension stability and largest mean 
IS aerodynamic diameter. MDIs which were formulated with higMy porous and hollow perforated 
microstructures had the greatest resistance to creaming and the smallest aerodynamic diameters. The 
measured VMAD values for the dry powders produced in Example I are shown in Table III immediately below. 

Table III 

20 



PFC/PC 


Powder VMAD, pm 


0 


6.1 


1.1 


5.9 


2.2 


6.4 


4.8 


3.9 


18.8 


2.6 


44.7 


1.8 



XVIII 

Comparison of Creaming Rates in Cromolyn Sodium Formulations 
25 A comparison of the creaming rates of the commercial Intel formulation (Rhone Poulenc Rorer) and 

spray-dried hollow porous particles formidated in HFA-134a according to Example XII (i.e. see Fig. 3) is shown 
in Figures. 4A to 4D. In each of the pictures, taken at 0 seconds, 30 seconds, 60 seconds and two hours 
after shaking, the commercial formulation is on the left and the perforated microstructure dispersion formed 
accordance with the present invention is on the right. Whereas the commercial Intel formulation shows 
30 creaming within 30 seconds of mixing, almost no creaming is noted in the spray-dried particles after 2 hours. 

Moreover, there was little creaming in perforated microstructure formidation after 4 hours (not shown). This 
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example cleariy illustrates the balance in density which can be achieved when the hollow porous particles are 
filled with the suspension mecfium (i«e. in the formation of a homodispersion). 



XIX 

5 Andersen Cascade imoactor Results for Cromolyn Sodium MP! Formulations 

The results of cascade impactor tests for a commercially available product (Intar, Rhone Poulenc 
Rorer) and an analogous spray-dried hollow porous powder in HFA-134a prepared according to Examples Xli 
and XVI are shown below in Table IV. The tests were performed using the protocol set forth in Example XV. 



10 Table IV 



Cromolyn Sod 


ium MOIs 




MMAD 
(GSD) 


Throat 

Deposition, 


Fine partide fraction. 
% 


Fine Particle Dose, 

g 


Intar.CFCIn -41 
(Rhone Pouienc) 
800 //g dose 


4.7 ± 0.5 
(1.9 ± 0.06) 


629 


24.3 ± 2.1 


202 ± 27 


Spray dried hollow porous 
powder, HFA 
|Aliiance> (n-3) 
300 A/g dose 


3.4 ± 0.2 
(2J) ± 0.3) 


97 


67.3 ± 5.5 


200±11 



The MDl formulated with perforated microstructures was found to have superior aerosol 
performance compared with Intal''. At a comparable fine particle dose, the spray dried cromolyn formulations 
possessed a substantially higher fine particle fraction C 67%|, and significantly decreased throat deposition 
(8-fold), along with a smaller MMAD value, it is important to note that the effective ddivery provided for by 
the present invention allowed for a fine particle dose that was approximately the same as the prior art 
commercial formulation even though the amount of perforated microstructures administered {300 /t/gl was 
roughly a third of the Intaf dose administered (800 //g). 

XX 

Comoarison of Andersen Cascade Imoactor Results for 
Albuterol Sulfate Microspheres Delivered From DPIs and MDIs 

The in vitro aerodynamic properties of hollow porous albuterol sulfate microspheres as prepared in 
Example X was characterized using an Andersen Mark 11 Cascade Impactor (Andersen Sampler, Atlanta, GA) 
and an Amherst Aerosizer (Amherst Instrivnents, Amherst MA}. 

DPI testing. Approximately, GOOmcg of spray-dried microspheres was loaded into a proprietary 
inhalation device. Activation ^nd subsequent plume generation of the dry powder was achieved by the 
actuation of 50 //I of pressurized HFA 134a through a long induction tube. The pressurized HFA 134a forced 
air through the induction tube toward the sample chamber, and subsequently aerosolized a plume of dry 
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powder into the air. The dry powder plume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
chamber for particle size analysis. Ten actuations were discharged from the device into the impactor. A 30 
second interval was used between each actuation. The results were quantitated as described in Example XV. 

5 

MDI testing. A MDI preparation of albuterol sulfate microspheres was prepared as in Example XVI. 
A single actuation was discharged into the aerosizer sample chamber for particle size analysis. Twenty 
actuations were discharged from the device into the impactor. A 30 second interval was used between each 
actuation. Again, the results were quantitated as described in Example XV. 
10 The results comparing the particle size analysis of the neat albuterol sulfate powder and the 

albuterol sulfate powder discharged from either a DPI or MDt are shown in Table V below. The albuterol 
sulfate powder delivered from the DPI was indistinguishable from the neat powder which indicates that little 
or no aggregation had occurred during actuation. On the other hand, some aggregation was observed using 
an MDI as evidenced by the larger aerodynamic diameter of particles delivered from the device. 

15 

Table V 



Sample 


Mean Size {pm) 


% under 5.4 pm 


95% under (//ml 


Neat powder 


1.2 


100 


2.0 


MDI 


2.4 


96.0 


5.1 


DPI 


1.1 


100 


1.8 



Similar results were observed when comparing the two dosage forms using an Andersen Cascade, 
20 impactor (Figure 6). The spray-dried albuterol sulfate powder delivered from the DPI had enhanced deep lung 
deposition and minimized throat deposition when compared with the MDI. The MDI fomiulation had a fine 
partide fraction (FPF) of 79% and a fine particle dose (FPD) of 77 //g/actuation, while the DPI had a FPF of 
87% and a FPD of 100//gf actuation. 

Figure 5 and the Example above exemplifies the excellent flow and aerodynamic properties of the 
25 herein described spray-dried powders delivered from a DPI. indeed, one of the primary advantages of the 
present invention is the ability to produce small aerodynamically light particles which aerosolize with ease and 
which have excellent inhalation properties. These powders have the unique properties which enable them to 
be effectively and efficiently delivered from either a MDI or DPI. This principle is further illustrated in the next 
Example. 

30 

XXI 

Comparison of Andersen Cascade impactor Results for 
Bedomethasone Dioropionate Microspheres Delivered From DPIs and MDIs 

WSDOCID: <W0_9916419A1_L> 



wo 99/16419 



PCTAJS98/20602 



The in vitro aerodynamic properties of hollow porous beclomethasone dipropionate (BOP) 
microspheres as prepared in Example Xi was characterized using an Andersen Mark II Cascade Impactor 
(Andersen Sampler, Atlanta. GA) and an Amherst Aerosizer (Amherst Instruments, Amherst. MA). 

DPI testing. Approximately, 300||vg of spray-dried microspheres was loaded into a proprietary 
5 inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 
actuation of 50 ^ of pressurized HFA 134a through a long induction tube. The pressurized HFA 134a forced 
air through the induction tube toward the sample chamber, and subsequently aerosolized a plume of dry 
powder into the air. The dry powder friume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
10 chamber for particle size analysis. Twenty actuations were discharged from the device into the impactor. A 
30 second interval was used between each actuation. 

MP! testing. A MDI preparation of beclomethasone dipropionate (BDP) microspheres was prepared 
as in Example XV!. A single actuation was discharged into the aerosizer sample chamber for particle size 
analysis. Twenty actuations were discharged from the device into the impactor. A 30 second interval was 
1 5 used between each actuation. 

The results comparing the particle size analysis of the neat BOP powder and the BDP powder 
discharged from either a DPI or MDI are shown in Table VI immediately below. 

Table VI 



Sample 


Mean Size Urnil 


% under 5.4^ 


95% under [pm\ 


Neat powder 


1.3 


100 


2.1 


MDI 


2.2 


98.1 


4.6 


DPI 


1.2 


99.8 


2.2 



20 

As with Example XX, the BDP powder delivered from the DPI was indstinguishable from the neat 
powder which indicates that little or no aggregation had occurred during actuation. On the other hand, some 
aggregation was observed using an MDI as evidenced by the larger aerodynamic (fiameter of particles 
25 delivered from the device. 

The spray-dried BDP powder delivered from the DPI had enhanced deep lung deposition and 
minimized throat deposition when compared with the MDI. The MDI formulation had a fine particle fraction 
(FPR of 79% and a fine particle dose (FPD) of 77 //g/actuation, while the DPI had a FPF of 87% and a FPD of 
100/ygl actuation. 

30 This foregoing example serves to illustrate the inherent diversity of the present invention as a drug 

delivery platform capable of effectively incorporating any one of a number of phannaceutical agents and 
effectively delivered from various types of delivery devices (here MDI and DPI) currentiy used in the 
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pharmaceuticai arena. The excellent flow and aerodynamic properties of the dry powders shown in the 
proceeding examples is further exemplified in the next example. 

XXII 

Comparison of Andersen Cascade Impactor Results for 
Albuterol Sulfate Microspheres and Ventolin Rotacaps ' ^ from a Rotahaler ^ Device 

The following procedure was followed to compare the inhalation properties of Ventolin Rotocaps' la 
commercially available fomiuiation) vs. albuterol sulfate hollow porous microspheres formed in accordance 
with the present invention. Both prepartions were discharged from a Rotohaler'' device into an 8 stage 
Andersen Mark II cascade impactor operated at a flow of 60L/min. Preparation of the albuterol sulfate 
microspheres is described in Example X with albuterol sulfate deposition in the cascade impactor analyzed as 
described in Example XV. Approximately 300 //g of albuterol sulfate microspheres were manually loaded into 
empty Ventolin Rotocap gelatin capsules. The procedure described in the package insert for loading and 
actuating drug capsules with a Rotohaler"* device was followed. Ten actuations were discharged from the 
device into the impactor. A 30 second interval was used between each actuation. 

The results comparing the cascade impactor analysis of Ventolin Rotocaps*^ and hollow porous 
albuterol sulfate microspheres discharged from a Rotohaler'^ device are shown in Table VI immediately below. 



Table VII 



Sample 


MMAD 


Fine Particle Fraction 


Fine Particle Dose 




IGSO) 


% 


imcflMose) 


Ventolin Rotacaps~ln-2) 


7.869 
(1.6064) 


20 


15 


Albuterol Sulfate 


4.822 


63 


60 


Microspheres In - 31 


(1.9082) 







The hollow porous albuterol sulfate powder delivered from the Rotohaler'^ device had a significantly 
higher fine particle fraction (3 foldl and a smaller MMAD value as compared with Ventolin Rotocaps*. In this 
regard, the commercially available Ventolin Rotocap*^ formidation had a fine particle fraction (FPF) of 20% and 
a fine particle dose (FPD) of 15//g/actuation, whereas the hollow porous albuterol sulfate microspheres had a 
FPF of 63% and a FPD of BOjjql actuation. 

The example above exemplifies the excellent flow and aerodynamic properties of the spray-dried 
powders ddivered from a Rotahaler*" device. Moreover, this example demonstrates that fine powders can be 
effectively delivered without carrier particles. 

XXIII 

Nebulization of Porous Particulate Structures Comprising 
PhosDhofioids and Cromolyn sodium in Perfluorooctvlethane 
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using a MicroMist Nebulizer 
Forty milligrams of the lipid based microspheres containing 50% cromolyn sodium by weight (as from 
Example Xll) were dspeised in 10 mi peifluorooctylethane (PFOE) by shaking, fonning a suspension. The suspension 
was nebiiized until the fluorocarbon iiqiid was defivered or had evaporated using a MicroMist (DeVilbiss) dsposaUe 
ndiilizer using a PulmoAide* air compressor (DeVilfaiss). As described above in Example XV, an Andersen Cascade 
impactor was used to measure the resisting particle size distrfliution. More specifically, aomolyn sodium content 
was measured by UV adsorption at 326nm. The fine particle fraction is the ratio of particles deposited in stages 2 
through 7 to those deposited in all stages of the inpactor. The fine partide mass is the weight of material deposited 
in stages 2 through 7. The deep hmg fraction is the ratio of particles deposited in stages 6 tlvough 7 of the impactor 
(which correlate to the alveoli) to those deposited in aD stages. The deep lung mass is the weight of material 
deposited in stages 5 through 7. Table Vlll nvnediateiy below provides a summary of the residts. 



Table VIII 



Fine particle fraction 


fine partide mass 


deep lung fraction 


deep lung mass 


90% 


6mg 


75% 


5mg 



XXIV 

Nebulizetion of Porous Particulate Structures Comnrisino 
PhosphoBoids end Cromolyn Sodium in Perfluorooctvlethane 
usino a Raindroo* Nebulizer 
A quantity of ipid based microspheres containing 50% cromdyn sodium, as from Example Xll, weighing 40 
mg was dspersed in 10 ml perfluorooctyiethane (PFOE) by shaking, thereby fonning a suspension. The suspension 
was nebdized until the fluorocarbon Itqud was ddivered or had evaporated using a Raindrop* cEsposable nebulizer 
(Ndkor Puritan Bennett connected to a PubnoAide* air compressor (DeVilUss). An Andersen Cascade Impactor was 
used to measure the resdting particle size distribution in the manner described in Examples XV and XXIII. TaUe IX 
tmmecEatdy below provides a summary of the resdts. 



Table IX 



Fine partide fraction 


fine partide mass 


Drap lung fraction 


deep lung mass 


90% 


4mg 


80% 


3mg 



XXV 

Nebulization of Aqueous Cromolyn Sodium Solution 
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The contents of fdastic vial contaning a unit dose inhalation solution of 20 mg of cromolyn sodum in 2 ml 
purified water (Dey Laboratories) was nebuOzed using a MicroMist disposable nebulizer (DeVilbiss) using a PuimoAide' 
air connpressor (DeVilbissK The cromoiyn sodium sdution was nebulized for 30 minutes. An Andersen Cascade 
Impactor was used to measure the resulting size dstribution of the nebulized particles, by the method described 
5 above in Example XV. Table X immediately below provides a summary of the results. 



Table X 



fine partide fraction 


fine partide mass 


Deep lung fraction 


Deep lung mass 


90% 


7mg 


60% 


5mg 



With regard to the instant results, it will be appredated that the f ormdations nebdized from fluorocarbim 
suspension mediums in Examples XXIII «id XXIV provided a greater percentage of deep lung deposition than the 

10 aqueous sdution. Such high deposition rates deep in the lung is particdariy desirable when deHvering agents to the 
systemic drcdation of a patient 

Those skilled in the art wiB further appredate that the present invention may be embodied in other spedfic 
f onns without departing from the spirit or central attributes thereof. In that the foregoing description of the present 
invention dsdoses only exanpiary embodiments thereof, it is to be uncferstood that other variations are 

1 5 contemplated as bdng within the scope of the present invention. Accordingly, the present invention is not fimited to 
the particdar embocfiments which have been described in detal herdn. Rather, reference shodd be made to the 
appended daims as incScative of the scope and content of the inventioa 
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1. Use of a faioactive agent in the manufacture of a medicament for pulmonary delivery whereby 
the medicament comprises a plurality of perforated microstructuies which are aerosolized using an inhalation device 
to provide aerosolized medconent compriang said Uoactive agent wherein sad aerosolized medcament is in a f onn 
for adnnnistration to at least a porti(m of the nasal or pulmonary ar passages of a patient in need thereof. 

2. The use of claim 1 wherein sad inhalation device comprises a metered dose inhaler, a dry 
powder irAala or a nebulizer. 

3. The use of claim 1 wherein said perforated microstructures are in the form of a dry powder. 

4. The use of dakn 1 wherein sad perforated nucrostructures are dispersed in a nonaqueous 
suspension medium. 

5. The use of any of daims 1 to 4 wherein said perforated microstnn:tures comprise a surfactant. 

6. The use of claim 5 wherein said surfa:tam is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 

7. The use of claims 5 or 6 wherein said surfactant is a phospholipid. 

8. The use of clahn 7 wherein said phospholipid is selected from the group consisting of 
dilauroylphosphatidylcholine, dioleyiphosphatidylchdine, dipalmitoyiphosphatidylchdine, 
disteroylphosphatidylcholine, dibehenoylphosphatidyi-chdine, diarachidoylphosphatidyichdine and 
combinations thereof. 

9. The use of any of daims 1 to 8 wherein the mean aerodynamic diameter of the perforated 
microstructures is between 0.5 and 5 //m. 

10. The use of any of daims 1 to 9 wherein said perforated microstructures have a bdk 
density of less than about 0.5 g/cm^ 

11. The use of any of dams 1 to 10 wheran said perforated microstructures have a mean 
geometric diameter of less than about 5 //m. 

12. The use of any of dams 1 to 11 wherein said bioactive agent is sdected from the group 
consisting of antidlergics, bronchodilators, pdmonary lung surfactants, andgesics, antibiotics, iedcotriene inMbitors 
or antagonists, antihistanrines, antnnflammatorie^ antineoplastic^, antkrholinergics, anesthetics, anti-tubercdars, 
imaging agents, cardiovascdar agents, enzymes, steroids, genetic materid, viral vectors, antisense agents, proteins, 
peptictas and combinations thereof. 

13. A method for f omiing a perforated microstnicture comprising the steps of: 
provid ng a liquid feed stock comprising an active agent; 

atomizing sad liqdd feed stock to produce Aspersed liqud droplets; 
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drying said Bquid droplets under predetennined conditions to f onn perforated microstructures comprising 
said active agent; and 

collecting said perforated microstructures. 

1 4. The method of claim 1 3 wherein said feed stock comprises a blowing agent 

1 5. The method of daim 1 4 wherein said blowing agent comprises a nonfiuorinated oil. 

16. The method of claim 14 wheran said blowing agent comprises a fluorinated compound. 

17. The method of daim 16 whmn said fluorinated blowing agent has a boBing point greater than 
about 60''C. 

18. The method of any of daims 13 to 17 wherein said feed stock comprises a colloidal system. 

1 9. The method of any of dmm 1 3 to 1 8 wherein said feed stock comprises a surfactant. 

20. The method of daim 19 wherein said surfactant is selected from the group consisting of 
phosphdipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 

21 . The method of daim 1 9 or 20 wherein said surfactant is a phosphdipid. 

22. The method of daim 21 wherein said phospholipid is sdected from the group consisting of 
dilauroylphosphatidyicholine, dideylphosphatidylchdine, dipdmitoylphosphatidylchdine, 
disteroylphosphatidylchdine dibehenoylphosphatidyichdine, diarachidoyiphosphatidylchoiine and combinations 
thereof. 

23. The method of any of daims 13 to 22 wherein said cdlected perforated microstructures 
comprise hdlow porous mimspheres. 

24. The method of any of claims 13 to 23 wherein the mean aerodynamic diameter of said 
collected perforated microstructures is between 0.5 and 5 |/m. 

25. The method of any of claims 13 to 24 wherein said perforated microstructures have a 
mean geometric diameter of less than about 5 /im. 

26. The method of any of claims 13 to 25 wherein said active agent comprises a bioactive 

agent. 

27. The method daim 26 wherein said UoactWe agent is selected from the group consisting of 
antiallergics, bronchodilators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors or 
antagonists, antihistamines, antiinflammatories, antineopiastics, antichoEneigics, anestheticSr anti-tidiercuiars, 
imaging agents, cardiovascular agents, enzymes, sterdds, genetic material, viral va:tors, antisense agents, proteins, 
p^tides and combinations thereof. 

28. The method of any of daims 13 to 27 wherein said atonrization step is accomplished using a 
spray dryer. 

29. A perforated nvcrostructure f omied according to any one of daims 1 3 to 28. 

30. A method for increasing the dispersiUGty of a powder comprising the steps of: 
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providng a liquid feed stock comprising an active agent; and 

spray drying said Gqud feed stock to prodiAre a perforated mtcrostructure powder having a bulk 
density of less than about 0.5 qlctv? wherein said powder exhibits reduced van der Waais attractive forces when 
compared to a relativdy non-porous powder of the same composition. 
S 31 . The method of dam 30 wherein said Eqiad feed stock comprises a blowing agent 

32. The method of daim 31 wherein said blowing agent comprises a nonfiuorinated oB. 

33. The method of dam 31 wherein said blowing agent comprises a fluorinated compound. 

34. The nwthod of daim 33 wherein said fluorinated compound has a bding point of greater than 
about 60^C. 

1 0 35. The method of any of daims 30 to 34 wherein said feed stock comprises a surfactant 

36. The method of daim 35 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, iorac surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 

37. The method of daim 35 or 36 wherein said surfactant is a phospholipid. 

15 38. The method of dam 37 wherein said phospholipid is selected from the group consisting of 

dilauroyiphosphatidylchoiine, doleyiphosphatidylcholine, dipalmitoylphosphatidylchoiine, 

disteroylphosphattdylcholine dibehenoylphosphatidyicholine, diarachidoylphosphatidylcholine and combinations 
thereof. 

39. The method of any of daims 30 to 38 wherdn said perforated microstructures comprise hdlow 
20 porous microspheres. 

40. The method of any of clams 30 to 39 wherein said active agent comprises a bioactive agent 

41. The method daim 40 wherein sad bioactive agent is selected from the group consisting of 
antiaflergics, bronchodiiators, pulmonary lung surfactants, analgeacs, antibiotics, leukotriene inhibitors or 
antagonists, antihistamineSr antiinflammatories, antineoplastics, anticholinergics, anesthetics, anti-tuberculars, 

25 imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors antisense agents, proteins, 
peptides and combinations thereof. 

42. A perforated microstructure powder fomied according to any one of daims 30 to 41 . 

43. A powder having iimased dsperafaiity comprising a plurality of perforated microstructures 
having a bulk density of less than about 0.5 gfcm^ wherein said perforated microstructure powder comprises an 

30 active agent. 

44. The powder of daim 43 wherein said powder comprises hollow porous microspheres. 

45. The powder of daims 43 or 44 wherein the mean aerodynamic diameter of said perforated 
microstructures is between 0.5 and 5 fm. 

46. The powder of any of daims 43 to 45 wherein said perforated microstructures have a 
3 5 mean geometric diameter of less than about 5 i/m. 
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47. The powder of any of daims 43 to 46 wherein said perforated microstructures comprise a 
surfactant 

48. The powder of claim 47 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fiuorinated 
surfactants and combinations thereof. 

49. The powder of claim 47 or 48 wherein said surfactant is a phospholipid. 

50. The powder of claim 49 wherein said phospholipid is selected from the group consisting of 
daauroylphosphatidyichorine, dioleylphosphatidylcholine, dipalmitoylphosphatidylcholine, 
disteroyiphosphatidylcholine dibehenoylphosphatidylcholine, diarachidoylphosphatidyicholine and combinations 
thereof. 

51. The powder of claim any of claims 43 to 50 wherein said active agent is a bioactive agent. 

52. The powder of claim 51 wherein said bioactive agent is selected from the group consisting 
of antiailergics, bronchodlators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors or 
antagonists, antihistamines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, anti- 
tuberculars, imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, 
antisense agents, proteins, peptides and combinations thereof. 

53. An inhalation system for the pulmonary administration of a bioactive agent to a patient 
comprising: 

an inhalation device comprising a reservoir; and 

a powder in said reservoir wherein said powder comprises a plurality of perforated , 
nucrostructures having a bulk density of less than about 0.5 g/cm^ wherein said perforated micrastructure 
powder comprises a bioactive agent whereby said inhalation device provides for the aerosolized administration of 
said powd& to at least a portion of the nasal or pulmonary air passages of a patient in need thereof. 

54. The system of daim 53 wherein said inhalation device comprises a dry powder inhaler, a metered 
dose inh^r or a nebuiz^. 

55. The system of daim 53 wheran said perforated microstructures are dispersed in a nonaqueous 
su^iension medium. 

56. The system of daim 55 wherein said nonaqueous suspension medium comprises a fiuorinated 
compound. 

57. The system of any of daims 54 to 56 wher^n said perforated microstructures comprise a 
surfactant. 

58. The system of daim 57 wherein said surfactant is sdected from the group consisting of 
phospholipids, nonionic detergents, nonioinc block copolymers, ionic surfactants, biocompatible fiuorinated 
surfactants and combinations thereof. 
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59. The system of daims 57 or 58 wherein said surfactant is a phospholipid. 

60. The system of any of claims 54 to 59 wherein said bioactivB agent is selected from the group 
consisting of antialergtcs, bronchocilators, piimimary lung surfactams, analgesics, antibiotics, leukotriene inhibitors 
or antagonists^ antiKstamines, antinfiammatories, antineopiasticSr antichoBnergrcs, anesthetics, anti-ttAercuiars, 

5 ima^ng agents, cardiovascular agentSr enzymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptitfes and combinations thereof. 

61 . A method for the pulmonary delivery of one or more bioactive agents comprising the steps of: 
providing a powder comprising a plurality of perforated microstructures having a bulk density of less 

than about 0.5 g/cm^ wherein said perforated microstructure powifer comprises a bioactive agent' 
1 0 aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 

afhuristering a therapeutically effective amount of said aerosoBzed medicament to at least a portion of the 
nasal or pulmonary air passages of a patient in need thereof. 
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PERFORATED MICRO? ARTICLES AND METHODS OF USE 
Field of the invention 

5 The present invention relates to formulations and methods for the production of perforated 

microstructures which comprise an active agent. In particularly preferred embodiments, the active agent will 
comprise a bioactive agent. The perforated microstructures will preferably be used in conjunction with 
inhalation devices such as a metered dose inhaler, dry powder inhaler or nebulizer for both topical and 
systemic delivery via pulmonary or nasal routes. 

10 

Background of the Invention 

Taigeted drug defivery means are particularly desirable where toxicity or bioavalabifity of the 
phamiaceuticai compound is an issue. Specific drug delivery methods and compositions that effectively deposit the 
compound at the site of action potentially serve to minimize toxic side effects, lower dosing requirements and 

1 S decrease therapeutic costs. In this regard, the development of such systems for pidmonary drug deivery has long 
been a goal of the phamiaceuticai industry. 

The three most convnon systems presently used to deliver drugs locally to the pulmonary air passages are 
dry powder inhalers (OPIsK metered dose inhala-s (MDIs) and nebulizers. MDIs, the most popular method of 
inhalation adnnnistratioa may be used to deSver medcaments in a sdubifized form or as a cfisperston. Typically MDts 

20 comprise a Freon or oth^ relatively Kgh vapor pressure propeBant that forces aerosolized medication into the 
respiratory tract upon activation of the device. Urdike MDIs, DPIs generally rely entirely on the patient's inspiratory 
efforts to introduce a medcament in a dry powder form to the lungs. Finally, nebulizers form a medicament aerosol 
to be inhaled by imparting energy to a liquid solution. More recently, direct pulmonary delivery of drugs during liquid 
voitilation or pulmonary lavage using a fluorochemical medium has also been explored. While each of these methods 

25 and associated systems may prove effective in selected situations, inherent drawbacks, including formulation 
limitations, can limit tteir use. 

The MDI is dependent on the propulsive force of the propeUant system used in its manufacture. 
Traditionally, the propellant system has consisted of a mixture of chlorofluorocarbons (CFCs) which are 
selected to provide the desired vapor pressure and suspension stability. Currently, CFCs such as Freon 11, 

30 Freon 12, and Freon 114 are the most widely used propellents in aerosol formtdations for inhalation 
atbninistration. While such systems may be used to deliver solubilized drug, the selected bioactive agent is 
typically incorporated in the form of a fine particulate to provide a dispersion. To minimize or prevent the 
problem of aggregation in such systems, surfactants are often used to coat the surfaces of the bioactive 
agent and assist in wetting the particles with the aerosol propellant. The use of surfactants in this way to 

3 5 maintain substantially unif onn dispersions is sud to "stabilize" the suspensions. 

-1- 
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Unfortunately, traditional chlorofluorocarbon propellants are now believed to deplete stratospheric 
ozone and, as a consequence, are being phased out. This, in turn, has led to the development of aerosol 
formulations for pulmonary drug delivery employing so-called environmentally friendly propellants. Classes of 
propellants which are believed to have minimal ozone-depletion potential in comparison with CFCs are 
5 perfluorinated compounds (PFCs) and hydrofluoroalkanes (KFAs). While selected compounds in these classes 
may function effectively as biocompatible propellants, many of the surfactants that were effective in 
stabilizing drug suspensions in CFCs are no longer effective in these new propellent systems. As the solubility 
of the surfactant in the HFA decreases, diffusion of the surfactant to the interface between the drug particle 
and HFA becomes exceedingly slow, leading to poor wetting of the medicament partides and a loss of 

10 suspension staUlity. This decreased solubility for surfactants in HFA propellants is likely to result in 
decreased efficacy with regard to any incorporated bioactive agent. 

More generally, drug suspensions in liquid fluorochemicals, including HFAs, comprise heterogeneous 
systems which usually require redispersion prior to use. Yet, because of factors such as patient compliance 
obtaining a relatively homogeneous distribution of the pharmaceutical compound is not always easy or 

1 5 successful. In addition, prior art formulations comprising micronized particulates may be prone to aggregation 
of the particles which can result in inadequate delivery of the drug. Crystal growth of the suspen^ons via 
Ostwald ripening may also lead to particle size heterogeneity and can significantly reduce the shelMife of the 
formulation. Another problem with conventional dispersions comprising micronized dispersants is particle 
coarsening. Coarsening may occur via several mechanisms such as flocculation, fusion, molecular diffusion, 

20 and codescence. Over a relatively short period of time these processes can coarsen the formulation to the 
point where it is no longer usable. As such, while conventional systems comprising fluorochemicai 
suspensions for MDIs or liquid ventilation are certainly a substantial improvement over prior art non- 
fluorochemical delivery vehicles, the drug suspensions may be improved upon to enable formulations with 
improved stability that also offer more efficient and accurate dosing at the desired site. 

25 Simiiarty, conventional powdered preparations for use in DPIs often fail to provide acctvate, 

reproducible dosing over extended periods. In this respect, those skilled in the art will appreciate that 
conventional powders (i.e. micronized) tend to aggregate due to hydrophobic or electrostatic interactions 
between the fine particles. These changes in particle size and increases in cohesive forces over time tend to 
provide powders that give undesirable pulmonary distribution profiles upon activation of the device. More 

30 particulariy, fine particle aggregation disrupts the aerodynamic properties of the powder, thereby preventing 
large amounts of the aerosolized medicament from reaching the deeper airways of the lung where it is most 
effective. 

In order to overcome the unwanted increases in cohesive forces, prior art formulations have 
typically used large carrier particles comprising lactose to prevent the fine drug particles from aggregating. 
35 Such carrier systems allow for at least some of the drug particles to loosely bind to the lactose surface and 
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disengage upon inhalation. However, substantial amounts of the drug fail to disengage from the large lactose 
partides and are deposited in the throat. As such, these carrier systems are relatively inefficient with 
respect to the fine particle fraction provided per actuation of the DPI. Another solution to particle 
aggregation is proposed in WO 98/31346 wherein particles having relatively large geometric diameters (i.e. 
5 preferably greater than 10 //ml are used to reduce the amount of particle interactions thereby preserving the 
flowability of the powder. As with the prior art carrier systems, the use of large particles apparently reduces 
the overall surface area of the powder preparation reportedly resulting in improvements in flowability and fine 
particle fraction. Unfortunately, the use of relatively large particles may result in dosing limitations when 
used in standard DPls and provide for less than optimal dosing due to the potentially prolonged dissolution 
10 times. As such, there still remains a need for standard sized particles that resist aggregation and preserve the 
flowability and dispersibility of the resulting powder. 

Accordingly, it is an obja:t of the present invention to provide methods and preparations that 
advantageously allow for the nasal or pdmonary administration of powders having relatively high fine particle 
fractions. 

IS It is a further object of the present invention to provide stabilized preparations suitable for ara^osoiization 

and subsequent administration to the pulmonary air passages of a patient in need thereof. 

It is yet another object of the present invention to provide powders that may be used to provide stabifized 
dispersions. 

It is still a further object of the present invention to provide powders exNUting relatively low cohesive 
20 forces that are compatible for use in dry powder inhalers. 

Summarv of the Invention 

These and other objects are provided for by the invention cfisdosed and clamed herein. To that end, the 
methods and associated compositians of the present invention provider in a broad aspect, for the improved delivery of 

25 agents to a desired site. More particidariy, the present invention may provide for the delivery of bioactive agents to 
selected physiological target sites using perforated microstructure powders. In preferred embodments, the bioactive 
agents are in a fonn for administration to at least a portion of the pulmonary air passages of a patient in need 
thereof. To that end, the present invention provides for the formation and use of perforated microstructures and 
deliv^ systems comprising such powders, as well as incfividual components thereof. The disclosed powders may 

30 further be dispersed in selected suspension mecBa to provide staUlized dispersions. Unlike prior art powders or 
dispersions for drug delivery, the present invention preferably employs novel techniques to reduce attractive forces 
between the partides. As suchr the cfsdosed powders exhibit improved flowability and dispersiUty while the 
disclosed dspersions exhiUt reduced degradation by flocculatioa sedimentation or creaming. Moreover, the 
stabilized preparations of the present invention preferably comprise a suspension medium (e.g. a fluorochemical) that 

3 5 further serves to reduce the rate of degradation with respect to the incorporated bioactive agent. Accordngly, the 
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dispersions or powders of the present invention mey be used in conjunction with metered dose inhalers, dry powder 
inhalers atomizers, nebulizers or liquid dose instillation (LOI) techrvques to provide for effective drug deiivery. 

With regard to particulariy preferred embodiments, the hollow and/or porous perforated microstnictures 
substantially reduce attractive molecular forces, such as van der Waals forces, which dominate prior art powdered 
5 preparations and dispersions. In this respect the powdered compositions ty|»cally have relatively low bulk densities 
which contribute to the flowabiiity of the preparations while providing the desired characteristics for inhalation 
therapes. More particularly, the use of relatively low d^isity perforated (or porous) microstructures or 
microparticutates significantly reduces attractive forces between the partides thereby lowerir^ the shear forces and 
increasing the flowabiiity of the resulting powders. The relativ^y low density of the perforated microstmctures also 

10 provides for superior aerodynamic performance when used in inhalation therapy. When used in dispersions, the 
physical characteristics of the powders provide for the fomfiation of stable preparations. Moreover, by selectir^ 
(fispersion components in accordance with the teacNngs herein, interpartide attractive fon:es may further be 
reduced to provide fonnulations having enhanced stability. 

Accordingly, select embedments of the invention provide for powders having increased (fispersibility 

1 5 comprising a plurality of perforated microstructures having a bulk density of less than about 0.5 g/cm^ wherein 
smd perforated microstructure powder comprises an active agent 

With regard to the perforated microstructures, those skilled in the art will appredate that they may be 
fanned of any biocompatible material provicfing the desired physical characteristics or morphdogy. In this respect 
the perforated microstructures will preferably comprise pores, voids, cfefects or other interstitial spaces that a:t to 

20 reduce attractive fon:8s by minimizing surface int^tions and decreasing shear forces. Yet given these 
constraints, it will be appredated that any material or configuration may be used to fonn the microstmcture matrix. 
As to the selected materials, it is desirable that the microstmcture incorporates at least one surfactant. Preferably, 
tNs surfactant will comprise a phospholipid or other surfactant approved for pulmonary use. Sinniariy, it is preferred 
that the microstructures incorporate at least one active agent wMch may be a bioactive agent As to the 

25 configuration, particulariy preferred embodiments of the invention incorporate spray drie4 hdlow microspheres 
having a relatively tNn porous wall defining a large intemal vdd, although, other void containing or perforated 
stractures are contemplated as well. In preferred embodments the perforated microstmctures will further comprise 
a bioactive agent. 

Accordingly, the present invention provides for the use of a bioactive agent in the manufacture of a 
30 medcamoit for piAnonary defivery whereby the medfeament comprises a plurality of perforated mnrostructures 
which are aerosolized using an inhalation device to provide aerosoized medicament comprising sad bioactive agent 
wherein said aerosoized medicament is administered to at least a portion of the nasal or pulmonary air passages of a 
patient in need thereof. 

It wifl further be appredated that in selected embodments, the present invention comprises methods for 
3 S f onning perforated microstructures that exhibit improved dsperdbahy. In this regard it will be appredated that the 
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disclosed perforated microstructures reduce attractive molecuiar forces, such as van der Waals forces, which 
dominate prior art powdered preparations. That is, unlike prior art preparations comprising reiatively dense, solid 
particles or nonporous partides (e.g. micronized), the powdered compositions of the present invention exhibit 
increased flowalility and (fispersibility due to the Iowct shear forces. In part, this reduction in cohesive forces is a 
5 result of the novel production methods used to provide the dedred powders. 

As such, preferred embodiments of the invention provide methods for fonning a perforated 
microstnicture ccnnpristng the steps of: 

providing a liquid feed stock comprising an active agent- 
atomizing said liquid feed stock to produce dspersed liquid droplets; 
1 0 drying said Bquid droplets under predetermined conditions to form perforated microstructures comprising 

said active agent; and 

collecting said perforated microstructures. 

With regard to the fomiation of the perforated microstructures it wBI be appreciated that, in preferred 
embodiments, the particles will be spray dried uang commerciaDy available equipment. In xHs regard the feed stock 

1 5 }nA\ preferably comprise a blowing agent that may be selected from iluorinated compounds and nonfluorinated oils. 
Preferably, the fluorinated compounds will have a boiling point of greater than about 60''C. Within the context of the 
instant invention the fluorinated blowing agent may be retained in the perforated microstructures to further increase . 
the dspersiUlity of the resulting powder or improve the staUEty of dspersions incorporating the same. Further, ^ 
nonfiuorinated oils may be used to increase the solubility of selected bioactive agents (e.g. steroids) in the feed stock, 

20 resulting in increased concentrations of bioacthre agents in the perforated nucrostructures. 

As dscussed above, the dispersibility of the perforated microstructure powders may be increased by . 
reducing, or minimizing, the van der Waals attractive forces between the constituent perforated ^ 
microstructures. In this regard, the present invention further provides methods for increasing the dispersibflity 
of a powder comprising the steps of: 

25 providing a liquid feed stock comprising an active agent; and 

spray drying said liquid feed stock to produce a perforated microstructure powder having a bulk density of 
less than about 0.5 g/cm^ wherein said powder exhibits reduced van cter Waals attractive forces when compared to a 
relatively non-porous powder of the same composition. In particulariy preferred embotfiments the perforated 
microstructures will comprise hdiow, porous microspheres. 

30 The blowing agent may be dispersed in the carrier using techniques known in the art for the 

production of homogenous dispersions such a sonication, mechanical mixing or high pressure homogenization. 
Other methods contemplated for the dispersion of blowing agents in the feed solution indude co-mixing of 
two fluids prior to atomization as described for double nefaulization techniques. Of course, it will be 
appredated that the atomizer can be customized to optimize the desired partide characteristics such as 

3S partide size. In spedal cases a double liquid nozzle may be employed. In another embodiment, the blowing 
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agent may be dispersed by introducing the agent into the solution under elevated pressures such as in the 
case of nitrogen or carbon dioxide gas. 

As to the delivery of perforated microstructure powders or stabilized dispersions, another aspect of 
the present invention is directed to inhalation systems for the administration of one or more bioactive agents 
5 to a patient. As such, the present invention provides systems for the pulmonary administration of a bioactive 
agent to a patient comprising: 

an inhalation device comprising a reservoir; and 

a powder in said reservoir wherein said powder comprises a piurdity of perforated microstnictures having 
a bulk density of less than about 0.5 glcm^ vwherein said perforated microstructure poiwder comprises a bioactive 
1 0 agent whereby said inhalation device provides for the aerosofized administration of said powder to at least a portion 
of the pulmonary air passages of a patient in need thweof. As riluded to above, it wifl be appreciated that an 
inhdation device may comprise an atomizer, a sprayer, a dry powder inhaler, a metered dose inhaler or a nebJizer. 
Moreover, the reservior may be a unit dose container or bulk reservior. 

In other emodiments, the perforated microstructure powders may be dispersed in an appropriate 
1 5 suspension medium to provide stabffized dispersions for defivery of a selected agent Such dispersions are particulady 
usefid in metered dose inhalers and nebulizers. In this regard, particuiariy preferred suspension mediums comprise 
fluorochemicds |e.g. perfluwocarbons or fluorocarbons) that are liquid at room temperature. As discussed above. It 
is well established that many fluorochemicals have a proven history of safety and biocompatibility in the lung. 
Further, in contrast to aqueous solutions, fluorochemicals do not negatively impact gas exchange. Moreover, 
20 baause of their unique wettdiiiity characteristics, fluorochemicals may be able to provide for the dispersion of 
particles deeper into the lung, thereby improving systemic defivery. finally, many fluorochemicals are also 
bacteriostatk; thereby decreasing the potential for microbial growth in compatible preparations. 

Whether admirestered in the form of a dry powder or staWized dispersion, the present invention provides 
for the effective delivery of bioactive agents. As used herein, the temis "bioactive agent** refers to a substance 
25 which is used in connection vwith an application that is therapeutic or cfiagnostic in nature, such as methods for 
diagnosing the presence or absence of a disease in a patient and/or metiiods for treating disease in a patient. As to 
compatible bioactive agents, those skilled in tiic art wiB appreciate that any therapeutic or diagnostic agent may be 
incorporated in the staKlized dispersions of the present invention. For example, the bioactive agem may be setected 
from the group conasting of antiallergics, bronchodilators, bronchoconstrictors, piimonary lung surfactants, 
30 analgesic?, antibiotics, leukotriene inhihitors or antagonists, anticholinergics, mast cell inhilitors, antihistamines, 
amnnflammatories, antineofriastics, anesthetics, anti-tuberoulars, imaging agents, cardiovascular agents, enzymes, 
steroids, genetic material, viral vectors, antisense agents, proteins, peptides and combinations thereof. In prefen^d 
embodiments the bioactive agents comprise compounds which are to be adninistered systemfcally Cue. to the 
systentic circulation of a patient) such as peptides, proteins or polynucleotides. As vuill be disclosed in more detail 
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below, the bioactive agent may be incorporated blended in, coated on or otherwise associated with the perforated 
microstructure. 

Accordingly, the present invention provides methods for the pulmonary delivery of one or more irioactive 
agents comprising the steps of: 

5 providing a powder comprising a plurality of perforated microstructures having a bulk density of less 

than about 0.5 g/cm^ wherein said perforated microstructure powder comprises a bioactive agent; 

aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 
administering a therapeutically effective amount of said aerosofized medicament to at bast a portion of the 
nasal or pulmonary passages of a patient in need thereof. 
10 As used herein the term "aerosolized" shall be held to mean a gaseous suspension of fine solid or 

liquid particles unless otherwise dictated by contextual restraints. That is, an aerosol or aerosolized 
mecficament may be generated, for example, by a dry powder inhaler, a metered dose inhaler, an atomizer or a 
nebulizer. 

With respect to the (fisdosed powders, the selected agent or bioactive agent, or agents, may be used as 

15 the sole structural component of the perforated microstructures. Conversdy, the perforated microstructures may 
comprise one or more components (i.e. stmctural materials, surfactants, exdpients, etc.) in adifition to the 
incorporated agent: Iniparticulariy preferred embodiments, the suspended perforated microstructures will comprise > 
relatwely high concentrations of surfactant (greater than about 10% w/w) along with an incorporated bioactive . 
agentis). Rnally, it should be appreciated that the particulate or perforated microstructure may be coated, linked or 

20 otherwise associated with an agent or bioactive agent in a non-integrd manr^r. Whatever configuration is selected, : * ?^ 

it will be appreciated that any associated bioactive agent may be used in its natural f omfi or as one or more salts ^ 
known in the art. S 

Wlule the powders or stabilized dispersions of the present invention are particularly suitable for the 
pulmonary admiinstration of bioactive agents, they may also be used for the localized or systemic 

25 administration of compounds to any location of the body. Accordingly, it should be emphasized that in 
preferred onbodiments, the formulations may be administered using a number of different routes including, 
but not limited to, the gastrointestinsd tract, the respiratory tract, topicaliy, intramusculariy, intraperitoneally, 
nasally, vaginally, rectaliy, aurally, orally or oculariy. 

Other objects, features and advantages of the present invention will be apparent to those skilled in the art 

3 0 from a consideration of the f oOowing detailed description of pref en^ed exemplary embodiments thereof. 

Brief Description of the Drawings 

Figs. 1A1 to 1F2 illustrate changes in particle morphology as a function of variation in the ratio of 
fluorocarbon blowing agent to phospholipid (PFC/PC) present in the spray dry feed. The micrographs, 
35 produced using scanning electron microscopy and transmission electron microscopy techniques, show that in 
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the absence of FCs, or at low PFC/PC ratios, the resulting spray dried microstructures comprising gentamicin 
sulfate are neither particulariy hollow nor porous. Conversely, at high PFC/PC ratios, the particles contain 
numerous pores and are substantially hollow with thin wails. 

Fig. 2 depicts the suspension stability of gentamicin particles in Perflubron as a function of 
5 formulation PFC/PC ratio or partide porosity. The particle porosity increased with increasing PFC/PC ratio. 
Maximum staWlity was observed with PFC/PC ratios between 3 to 15, illustrating a preferred morphology for 
the perflubron suspension media. 

Fig. 3 is a scanning electron microscopy image of perforated microstructures comprising cromolyn 
sodium iiiustrating a preferred hollow/porous morphology. 
10 Figs. 4A to 4D are photographs illustrating the enhanced stability provided by the dispersions of the 

present invention over time as compared to a commercial cromolyn sodium formulation llntal*, Rhone-Poulenc- 
Rorer). In the photographs, the commercial formulation on the left rapidly separates wNle the dispersion on 
the right, f onned in accordance with the teachings herein, rmam stable over an extended period. 

Fig. 5 presents results of in-vitro Andersen cascade impactor studies comparing the same hollow 
15 porous albuterol sulfate formulation delivered via a MDI in HFA-134a, or from an exemplary DPI. Efficient 
delivery of particles was observed from both devices. MDI delivery of the particles was maximized on plate 4 
corresponding to upper airway delivery. DPI delivery of the particles results in substantial deposition on the 
later stages in the impactor corresponding to improved systemic delivery in-vivo. 

20 Detailed Description Preferred Embodiments 

While the present invention may be embodied in many different forms, disclosed herein are specific 
illustrative embodiments thereof that exemplify the principles of the invention. It should be emphasized that 
the present invention is not limited to the specific embodiments illustrated. 

As discussed above, the present invention provides methods, systems and compositions that 

25 comprise perforated microstructures wMch, in preferred embotfiments, may advantageously be used for the 
delivery of bioactive agents. In particidarly preferred embedments, the disclosed perforated microstructure 
powders may be used in a dry state (e.g. as in a DPI) or in the fonn of a stabilized dispersion (e.g. as in a MDI, 
LDI or nebulizer formulation) to deliver luoactive agents to the nasal or pidmonary air passages of a patient. It 
will be appreciated that the perforated microstructures disclosed herein comprise a structural matrix that exhibits, 

30 defines or comprises voids, pores, defects, hollows, spaces, interstitial spaces, apertureSr perforations or holes. The 
absolute shape (as opposed to the morphology of the perforated microstructure is generally not critical and any 
overall configuration that provides the desired characteristics is contemplated as being within the scope of the 
invention. Accorcingly, preferred embodiments can comprise approximately microspherical. shapes. However, 
cdlapsed, defonned or fractured particulates are also compatible. With this caveat it vufl further be appreciated 

3 5 that particulariy preferred embodiments of the invention comprise spray dried hollow, porous microspheres. In any 
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case the disclosed powders of perforated microstructures provide sevreral advantages including, but not limited to, 
increases in suspension stability, improved dispersibility, superior sampling characteristics, elimination of 
carrier particles and enhanced aerodynamics. 

Those skilled in the art will appreciate that many of these aspects are of particular use for dry 
5 powder inhaler applications. Unlike prior art formulations, the present invention provides unique methods and 
compositions to reduce cohesive forces between dry particles, thereby minimizing particulate aggregation 
which can result in an improved delivery efficiency. As such, the disclosed preparations provide a highly 
flowable, dry powders that can be efficiently aerosolized, uniformly delivered and penetrate deeply in the lung 
or nasal passages. Furthermore, the perforated microstructures of the present invention result in surprisingly 

1 0 low throat deposition upon administration. 

In preferred embodiments, the perforated microstructure powders have relatively low bulk density, 
allowing the powders to provide superior sampling properties over compositions known in the art. Currently, 
as explained above, many commercial dry powder formulations comprise large lactose particles which have 
micronized drug aggregated on their surface. For these prior art formulations, the lactose particles serve as a 

15 carrier for the active agents and as a bulking agent, thereby providing means to partially control the fine 
partide dose delivered from the device. In addition, the lactose particles provide the means for the 
commercial filling capability of dry particles into urot dose contaners by adding mass and volume to the 
dosage form. 

By way of contrast, the present invention uses methods and compositions that yield powder 
20 formulations having extraordinarily low bulk density, thereby reducing the minimal filling weight that is 
commercially feasible for use in dry powder inhalation devices. That is, most unit dose containers designed 
for OPis are filled using fixed volume or gravimetric techniques. Contrary to prior art formulations, the 
present invention provides powders wherein the active or bioactive agent and the incipients or bulking agents 
make-up the entire inhaled particle. Compositions according to the present invention typically yield powders 
25 with bulk densities less than 0.5 g/cm^ or 0.3 g/cm^ preferably less 0.1 g/cm^ and most preferably less than 
0.05 g/cml By providing particles with very low faiik density, the minimum powder mass that can be filled 
into a unit dose container is reduced, which eliminates the need for carrier particles. That is, the relatively 
low density of the powders of the present invention provides for the reproducible administration of relatively 
low dose phannaceutical compounds. Moreover, the elimination of carrier particles will potentially minimize 
30 throat deposition and any "gag** effect, since the large lactose particles will impact the throat and upper 
airways due to their size. 

In accordance with the teachings herein the perforated microstructures will preferably be provided 
in a "Ary" state. That is the microparticies will possess a moisture content that allows the powder to remain 
chemically and physically stable during storage at ambient temperature and easily dispersible. As such, the 
35 moisture content of the microparticies is typically less than 6% by weight, and preferably less 3% by weight. 
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In some instances the moisture content will be as low as 1% by wdght Of course it will be appreciated that 
the moisture content is, at least in part, dictated by the formulation and is controlled by the process 
conditions employed, e.g., inlet temperature, feed concentration, pump rate, and blowing agent type, 
concentration and post drying. 

5 With respect to the composition of the structural matrix defirang the pwforated microstructures, they may 

be fornied of any material wHch possesses physical and chemical characteristics that are compatible with any 
incorporated active agents. While a wide variety of materials may be used to form the partides, in particuiariy 
preferred pharmaceutical embodiments the structural matrix is associated with, or comprises, a surfactant such as 
phospholipid or fluorinated surfactant. Although not requred, the incorporation of a compatible surfactant can 
10 improve powder flowahiSty, increase aerosol efficiency, improve dispersion stability, and facilitate preparation of a 
suspension. It will be appreciated that, as used herein, the terms "structural matrix" or "nucrostructure matrix" are 
equivalent and shaB be held to mean any sofid material forming the perforated microstructures which define a 
plurality of voidSr apertures, hoDows, defects, pores, holes, fissures, etc. that provide the desired characteristics. In 
prefenred embodiments, the perforated microstructure defined by the structural matrix comprises a spray dried 
1 S hollow porous microsphere incorporating at least one surfactant. It will further be appreciated that by altering the 
matrix components, the density of the structure! matrix may be adjusted. Findly, as will be discussed in further 
' detal bdow, the prorated microstructures preferably comprise at least one active or bioactive agent. 

Ii As indicatei the perforated microstructures of the present invention may optionally be associated with, or 

comprise, one or more surfactants. Moreover, nnscibie surfsK:tants may optionally be combined in the case where 
20 the micrDparticles are formulated in a suspension mediimi Equid phase. It will be appreciated by those skilled in the 
art that the use of surfactants, while not necessary to practice the instant inventioa may further increase dspersion 
stability, powder flowability, simplify fomiulation procedures or increase efficiency of deEvery. Of course 
combinations of surfactants, including the use of one or more in the liquid phase and one or more associated with the 
perforated microstmctures are comemplated as being within the scope of the invoition. By "associated with or 
25 comprise" it is meant that the structural matrix or perforated microstructure may incorporate, adsorb, absorb, be 
coated with or be formed by the surfortant. 

In a broad sense, surfactants suitable for use in the presoit invention include any compound or composition 
that aids in the formation of perforated micropartides or provides enhanced suspension stability, improved powder 
dispersifaiity or decreased particle aggregation. The surfactant may comprise a single compound or any combination 
^ 30 of compounds, such as in the case of co-surfactants. Particularly preferred surfactants are nonfluorinated and 

selected from the group consisting of saturated and unsaturated lipids, nonionic detergents, nonionic block 
copolymers, ionic surfactants and combinations thereof. In those embodiments comprising stabilized 
dispersions, such nonfluorinated surfactants will preferably be relatively insoluble in the suspension medium. 
It should be emphasized that, in addition to the aforementioned surfactants, suitable fluorinated surfactants 
35 are compatible with the teachings herein and may be used to provide the desired preparations. 
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Lipids, including phospholipids, from both natural and synthetic sources are particularly compatible 
with the present invention and may be used in varying concentrations to form the structural matrix. 
Generally compatible lipids comprise those that have a gel to liquid crystal phase transition greater than about 
40''C. Preferably the incorporated lipids are relatively long chain (i.e. Ct6 C22) saturated lipids and more 
preferably comprise phospholipids. Exemplary phospholipids useful in the disclosed stabilized preparations 
comprise, dipalmitoylphosphatidyicholine, disteroylphosphatidylcholine, diarachidoylphosphatidylcholine 
dibehenoylphosphatidylcholine, short-chain phosphatidylcholines, long-chain saturated 
phosphatidylethanolamines, long-chain saturated phosphatidylserines, long-chain saturated 
phosphatidylgiycerols, long-chain saturated phosphatidylinositols, glycolipids, ganglibside 6W1, sphingomyelin, 
phosphatidic acid, cardiolipin; lipids bearing polymer chains such as polyethylene glycol, chitin, hyaluronic acid, 
or polyvinylpyrrolidone; lipids bearing sulfonated mono-, di-, and polysaccharides; fatty acids such as palmitic 
acid, stearic acid, and oleic acid; cholesterol, cholesterol esters, and cholesterol hemisuccinate. Due to their 
excellent biocompatibility characteristics, phospholipids and combinations of phospholipids and poloxamers 
are particularly suitable for use in the pharmaceutical embodiments disclosed herein. 

. Compatible nonionic detergents comprise: sorbitan esters including sorbitan trioleate (Span* 85), 
sorbitan sesquideate, sorbitan monooleate, sorbitan monolaurate, polyoxyethylene (201 sorlutan monolaurate, 
and polyoxyethylene (20) sorbitan monooleate, oleyl polyoxyethylene (2) ether, stearyl polyoxyethylene (2) 
ether, lauryl polyoxyethylene (4) ether, glycerol esters, and sucrose esters. Other suitable nonionic detergents 
can be easily identified using McCutcheon's Emulsifiers and Detergents (McPublishing Co., Glen Rock, New 
Jersey) which is incorporated herein in its entirety. Preferred block copolymers include diblock and triblock 
copolymers of polyoxyethylene and polyoxypropytene, including poloxamer 188 (Pluronic'^ F-68), poloxamer 
407 (Pluronic^' P-127), and poloxamer 338. Ionic surfactants such as sodium sulfosuccinate, and fatty acid 
soaps may also be utilized. In preferred embodiments the microstructures may comprise oleic acid or its alkali 
salt. 

In addition to the aforementioned surfactants, cationic surfactants or lipids are preferred especially 
in the case of delivery or RNA or ONA. Examples of suitable cationic lipids include: DOTMA, N-I1-(2,3 
dioleyiQxy)propyi] N,N,N trimethylammonium chloride; DOTAP, 1,2'dioieyloxy-3 (trimethylammonio)propane; 
and DOTB, 1,2-dioleyl-3'(4'-trimethylammanio)butanoyl-sn glycerol. Polycationic amino acids such as 
polylysine, and polyarginine are also coritemplated. 

Besides those surfactants enumerated above, it vnll further be appreciated that a wide range of 
surfactants may optionally be used in conjunction with the present invention. Moreover, the optimum 
surfactant or combination thereof for a given application can readily be determined by empirical studies that 
do not require undue experimentation. Finally, as discussed in more detail below, surfactants comprising the 
structural matrix may also be useful in the fonnation of precursor oil-in-water emulsions |i.e. spray drying feed 
stock) used during processing to form the perforated microstructures. 
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Unlike prior art formdations, it has surprisingly been found that the incorporation of relatively high levels of 
surfactants (e.g., phospholipids) may be used to improve powder dispersibility, increase suspension stability and 
decrease powder aggregation of the dsdosed applications. That is, on a weight to weght basis, the structural 
matrix of the perforated microstmctures may cmnprise relativdy high levels of surfactant. In this regard, the 
perforated microstructures will preferably comprise greater than about 1%, 5%, 10%. 15%, 18%, or even 20% w/w 
surf a:tant. More preferably, the perforated microstructures will comprise greater than about 25%, 30%, 35%, 40%, 
45%, or 50% w/w surfactant. SHIl other exemplary embocfiments will comprise perforated microstructures wherein 
the surfactant or surfactants are present at greater than about 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 
even 95% w/w. In selected embodiments the perforated microstructures will comprise essentially 100% w/w of a 
surfactant such as a phospholipid. Those skilled in the art will appreciate that, in such cases, the balance of the 
structural matrix (where applicable) m\\ likely comprise a bioactive ^ent or non surface active exdpients or 
additives. 

While such surfactant levels are preferably employed in perforated microstructures, they may be used to 
provide stabilized systems comprising relatively nonporous, or substantiaiiy solid, particulates. That is, while preferred 
embodments will comprise perforated microstructures associated with high levels of surfactant acceptable 
microspheres may be fanned using relatively low porosity particulates of the same surfactant concentration (i.e. 
greater than about 20% w/w). In this respect such high surfactant embodiments are specificaily contemplated as 
being within the scope of the present inventioa 

In other preferred embodsnents, of the invention the stnictural matrix defining the perforated 
microstructure optionally comprises synthetic or natural polymers or cominnations thereof. In this respect useftd 
polymers comprise polylactides, polylactide-glycolides, cydodextrins, poiyacrylates, methylcellulose, 
carboxymethylcelluloser polyvinyl alcohols, polyanhydrides, polyiactams, polyvinyl pyrdidones, pdysaccharides 
{dextrans, starches chitin, chitosaa etc.), hyaluronic acid, protdns, (albumin, cdiageiv gelatin, etcj. Examples of 
polymeric resins that would be useful for the preparation of perforated ink microparticles include: styrene- 
butadiene, styrene-isoprene, styrene-acrylonitrile, ethylene- vinyl acetate, ethylene-acrylate, ethylene-acrylic 
add, ethylene-methylacrylatate, ethylene-ethyl acrylate, vinyl-methyl methacryiate, acrylic add-methyl 
methacrylate, and vinyl chloride-vinyl acetate. Those skilled in the art will appredate that by selecting the 
appropriate polymers, the deBvery efficiency of the perforated micropartudes and/or the stabiBty of the dispersions 
may be tailored to optimize the ef fecthreness of the active or bioactive agent. 

Besides the aforementioned polymer materials and surfactants, it may be desirable to add other 
excipients to a microsphere formulation to improve particle rigidity, production yield, delivery efficiency and 
deposition, shelf-life and patient acceptance. Such optional excipients indude, but are not limited to: coloring 
agents, taste masking agents, buffers, hygroscopic agents, antioxidants, and chemical stabilizers. Further, 
various excipients may be incorporated in, or added to, the participate matrix to provide structure and form to 
the perforated microstructures (i.e. microspheres such as latex particles). In Ms regard it will be appreciated 
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that the rigidifying components can be removed using a post-production technique such as selective solvent 
extraction. 

Other rigidifying excipients may include, but are not limited to, carbohydrates including 
monosaccharides, disaccharides and polysaccharides. For example, monosaccharides such as dextrose 
5 (anhydrous and monohydrate), galactose, mannitol, D-mannose, sorbitol sorbose and the like; disaccharides 
such as lactose, maltose, sucrose, trehalose, and the like; trisaccharides such as raffinose and the like; and 
other carbohydrates such as starches (hydroxyethylstarchl, cyclodextrins and maltodextrins. Amino acids are 
also suitable excipients with glycine preferred. Mixtures of carbohydrates and amino acids are further held to 
be within the scope of the present invention. The inclusion of both inorganic (e.g. sodium chloride, calcium 
10 chloride, etc.), organic salts (e.g. sodium citrate, sodium ascorbate, magnesium gluconate, sodium gluconate, 
tromethamine hydrochloride, etc.) and buffers is also contemplated. The inclusion of salts and organic solids 
such as ammonium carbonate, ammonium acetate, ammonium chloride or camphor are also contemplated. 

Yet other preferred embedments include perforated microstructures that may comprise, or may be coated 
with, charged species that prolong residence time at the point of contact or enhance penetration through mucosae. 
1 5 For exfflitple, aniorac charges are known to favor mucoadhesion while cationic charges may be used to associate the 
formed microparticdate with negatively charged hioactive agents such as genetic material. The charges may be 
imparted through the association or incorporation of polyanionic or polycatiotBC materids such as polyacrylic adds, 
pdytysine, pdylactic add and chitosan. 

In adcfition to, or instead ot the components discussed above, the prorated microstructures will 
20 preferably comprise at least one active or Uoactive agent. As used hereia the term "active agent" sim|dy refers to a 
substance that enables the perforated microstructures to perfonn the desired function. Further, the term "active 
agent" shall be held indusive of the term "bioactive agent" unless otherwise dictated by contextual restraints. 
As to the term "bioactive agent" it shal be held to comprise any substance that is used in connection with the 
diagnosis or treatment of a disease, condition or physidogical abnormality in a patient. ParticulaHy preferred 
25 bioactive agents for use in accordance with the invention indude anti-allergies, peptides and proteins, pulmonary lung 
surfactants, bronchodilators and antiinflammatory sterdds for use in the treatment of respiratory disorders such as 
asthma by inhalation therapy. Preferred active agents for use in accordance with the present invention indude 
pigments, dyes, inks, pants, detergents, food sweeteners, spices, adsorbants, absorbents, catalysts, 
nucleating agents, thickening agents, polymers, resins, insulators, fillers, fertilizers, phytohormones, insect 
30 pheromones, insect repellents, pet repellents, antlfouling agents, pestiddes, fungiddes, disinfectants, 
perfumes, deodorants, and combinations of thereof. 

It vuill be appredated that the perforated microstructures of the present invention may exdudvely 
comprise one or more active or bioactive agents (i.e. 100% w/vy). However, in selected embodiments the perforated 
microstructures may incorporate much less bioactive agent depending on the activity thereof. Accordingly, for Kghly 
35 active materials the perforated microstmctures may incorporate as little as 0.001% by weight although a 
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concentration of greater than about 0.1 % w/w is preferred. Other embodiments of the invention may comprise 
greater than about 5%, 10%, 15%, 20%, 25%, 30% or even 40% w/w active or bioactive agent. StiO more 
preferably the perforated microstructures may comprise greater than about 50%, 60%, 70%, 75%, 80% or even 
90% wfw active or bioactive agent. The precise amount of active or bioactive agent incorporated in the perforated 
5 microstructures of the present invention is ctependent upon the agent of choice, the required dose, and the form of 
the agent actually used for incorporation. Those skilled in the art wit! appreciate that such detemiinations may be 
made by using well-known pharmacological techniques in combination with the teachings of the presem invention. 

With regard to pharmaceutical preparations, any bioactive agent that may be formulated in the 
disclosed perforated microstructures is expressly held to be within the scope of the present invention, tn 

10 particularly preferred embodiments, the selected bioactive agent may be administered in the form of an 
aerosolized medicaments. Accordingly, particularly compatible bioactive agents comprise any drug that may 
be formulated as a fiowable dry powder or which is relatively insoluble in selected dispersion media. In 
addition, it is preferred that the formulated agents are subject to pulmonary or nasal uptake in physiologically 
effective amounts. Compatible bioactive agents comprise hydrophBk: and lipophilic respiratory agents, pubnorary 

15 surfactants, bronchodilators^ antibiotics, antivirals, anti-infiammatories, steroids, antihistaminics, teukotriene 
inNbitors or antagonists, antichofinergics, antineoplastics, anesthetics, enzymes, carcfiovascular agents, genetic 
material including DNA and RNA, viral vectors, RTununoactive agents, imaging agents, vaccines, immunosuppressive 
agems, peptides, proteins and combinations thereof. Particularly preferred bioactive agents for inhalation 
therapy comprise mast cell inhibitors (anti-allergics), bronchodilators, and anti-inflammatory steroids such as, 

20 for example, cromoglycate (e.g. the sodium salt), and albuterol (e.g. the sulfate salt). 

More specifically, exemplary medicaments or bioactive agents may be selected from, for example, 
analgesics, e.g. codeine, (fihydromorphine, ergotamine, fentanyl, or morphine; anginal preparations, e.g. 
diitiazem; mast cell inhibitors, e.g. cromolyn sodium; anttinfectives, e.g. cephalosporins, macrolides, quinolines, 
penicillins, streptomycin, sulphonamides, tetracyclines and pentamidine; antihistamines, e.g. methapyrilene; 

25 anti-inflammatories, e.g. fluticasone propionate, bedomethasone di propionate, flunisolide, budesonide, 
tripedane, cortisone, prednisone, prednisiione, dexamethasone, betamethasone, or triamcinolone acetonide; 
antitussives, e.g. noscapine; bronchodilators, e.g. ephedrine, adrenaline, fenotarol, formoterol, isoprenaline, 
metaproterenol, salbutamoi, albuterol, salmeterol, terbutaline; diuretics, e.g. amiioride; anticholinergics, e.g. 
ipatropium, atropine, or oxitropium; lung surfactants e.g. Surfaxin, Exosurf, Survanta; xantKnes, e.g. 

30 aminophylline, theophylline, caffeine; therapeutic proteins and peptides, e.g. DNAse, insulin, glucagon, LHRH, 
nafarelin, goserelin, leuprolide, interferon, rhu IL-1 receptor, macrophage activation factors such as 
lymphokines and muramyl dipeptides, opioid peptides and neuropeptides such as enkephalins, endophins, renin 
inhibitors, cholecystokinins, DNAse, growth hormones, leukotriene inhibitors and the like. In additioa 
bioactive agents that comprise an RNA or DNA sequence, particularly those useful for gene therapy, genetic 

35 vaccination, genetic tolerization or antisense applications, may be incorporated in the disclosed dispersions as 
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described herein. Representative DNA plasmids indude, but are not limited to pCMVP (available from 
Genzyme Corp, Framington, MA) and pCMV-P gal (a CMV promotor linked to the E. coli Lac-Z gene, which 
codes for the enzyme p galactosidasel. 

In any event, the selected active or bioactive agentis) may he associated with, or incorporated in, 
the perforated microstructures in any form that provides the desired efficacy and is compatible with the 
chosen production techniques. As used herein, the terms "associate" or "associating" mean that the stnictural 
matrix or perforated microstructure may comprise, incorporate, adsorb, absorb, be coated with or be fomied by the 
active or bioactive agent Where appropriate, the actives may be used in the form of sa!ts (e.g. alkali metal or 
amine salts or as add addition salts) or as esters or as solvates (hydrates). In this regard the form of the 
active or bioactive agents may be selected to optimize the activity andlor stability of the actives and/or to 
minimize the solubility of the agent in the suspension medium and/or to minimize particle aggregation. 

It will further be appreciated that the perforated microstructures according to the invention may, if 
desired, contain a combination of two or more active ingredients. The agents may be provided in combination 
in a single species of perforated microstructure or individually in separate species of perforated 
microstructures. For example, two or more active or bioactive agents may be incorporated in a single feed 
stock preparation and spray dried to provide a single microstructure species comprising a plurality of active 
agents. Conversely, the individual actives could be added to separate stocks and spray dried separately to 
provide a plurality of microstructure species vvith different compositions. These ind vidual species could be ; 
added to the suspension medium or dry powder dispensing compartment in any desired proportion and placed 
in the aerosd delivery system as described below. Further, as alluded to above, the perforated 
microstructures (with or without an associated agent) may be combined with one or more conventional ie.g. a 
micronized drug) active or bioactive agents to provide the desired dispersion stability or powder dispersibility. 

Based on the foregoing, it wiD be appreciated by those skilled in the art that a wide variety of active or 
bioactive agents may be incorporated in the disclosed perforated microstmctures. Acconingly, the list of preferred 
active agents above is exemplary only and not intended to be Gmitino. It will also be appreciated by those skiOed in 
the art that the proper amount of bioactive agent and the tkiing of the dosages may be determined for the 
f onmidations in accordance with already existing information and without undue experimentation. 

As seen from the passages above, various components may be associated witiv or incorporated in the 
perforated microstructures of the present invention. Similariy, several techniques may be used to provide 
particulates having the desired morphology (e.g. a perforated or hollow/porous configuration),- dispersibility and 
density. Among other methods, perforated microstructures compatibte with the instant invention may be fonned by 
techniques induifing spray drying, vacuum drying, solvent extraction, emukification or lyopMBzation, and 
combinations thereof. It will further be appreciated that the basic concepts of many of these techniques are well 
known in the prior art and would not, in view of the teachings hereir^ require undue experimentation to adapt them 
so as to provide die desired perforated microstructures. . . 
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While several procedi^es are generally compatible with the present invention, particdarly preferred 
embodiments typically comprise perforated microstructures fomted by spray drying. As is well known, spray drying 
is a one-step process that converts a liquid feed to a dried particulate form. With respect to pharmaceutical 
applications, it will be appreciated that spray drying has been used to provide powdered material for various 
S administrative routes including inhalation. See, for example, M. Sacchetti and M.M. Van Oort in: Inhalation 
Aerosols: Physical and Biological Basis for Therapy, A J. Hickey, ed. Marcel Dekkar, New York, 1996, which 
is incorporated herein by reference. 

in general, spray drying consists of bringing together a highly dispersed liquid, and a sufficient 
volume of hot air to produce evaporation and drying of the liquid droplets. The preparation to be spray dried 

10 or feed (or feed stock) can be any solution, course suspension, slurry, colloidal dispersion, or paste that may 
be atomized using the selected spray drying apparatus. In preferred embodiments the feed stock will 
comprise a colloidal system such as an emulsion, reverse emulsion, microemuision, multiple emulsion, 
particulate dispersion, or slurry. Typically the feed is sprayed into a current of warm filtered air that 
evaporates the solvent and conveys the dried product to a collector. The spent air is then exhausted with the 

15 solvent. Those skilled in the art will appreciate that several different types of apparatus may be used to 
provide the desired product. For example, commercial spray dryers manufactured by Buchi Ltd. or Niro Corp. 
will effectively produce particles of desired size. 

It will further be appreciated that these spray dryers, and s^cifically their atomizers, may be 
modified or customized for specialized applications, i.e. the simultaneous spraying of two solutions using a 

20 double nozzle technique. More specifically, a water-in-oil emulsion can be atomized from one nozzle and a 
solution contaning an anti-adherent such as mannitol can be co-atomized from a second nozzle. In other 
cases it may be desirable to push the feed solution though a custom designed nozzle using a Ivgh pressure liquid 
chromatography (HPLC) pump. Provided that nncrostructures comprising the correct morphology and/or composition 
are produced the chou:e of apparatus is not critical and would be apparent to . the skilled artisan in view of the 

25 teachings herein. 

While the resulting spray-dried powdered particles typically are approximately spherical in shape, 
neariy unifonm in size and frequently are hollow, there may be some degree of irregularity in shape depending 
upon the incorporated medicament and the spray drying conditions. In many instances dispersion stability 
and dispersibility of the perforated microstructures appears to be improved if an inflating agent (or blowing 

30 agent) is used in their production. Particularly preferred embodiments may comprise an emulsion with the 
inflating agent as the disperse or continuous phase. The inflating agent is preferably cSspersed witii a surfactant 
solution, using, for instance, a commercially available microfiuidizer at a pressure of about 5000 to 15,000 psi. TMs 
process forms an emulsioa preferably stabilized by an incorporated surfactant, typically comprising submicron 
droplets of water immiscible Uouving ^nt dspersed in an aqueous continuous phase. The fonnation of such 

35 emissions using this and otiier techniques are common and well known to those in the art. The blowing agent is 
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preferably a fiuorinated compound (e.g. perfluorohexane, perfluorooctyl bromide, perfluorodecalin, 
perfluorobutyl ethane) which vaporizes during the spray-drying process, leaving behind generally hollow, 
porous aerodynamically light microspheres. As will be discussed in more detail below, other suitable liquid 
blowing agents include nonfiuorinated oils, chloroform, Freons, ethyl acetate, alcohols and hydrocarbons. 
5 Nitrogen and carbon dioxide gases are also contemplated as a suitable blowing agent. 

Beades the aforementioned compounds, inorganic and organic substances which can be removed 
under reduced pressure by sublimation in a post-production step are also compatible with the instant 
invention. These sublimating compounds can be dissolved or dispersed as micronized crystals in the spray 
drying feed solution and include ammonium carbonate and camphor. Other compounds compatible with the 
10 present invention comprise rigidifying solid structures which can be dispersed in the feed solution or prepared 
in-situ. These structures are then extracted after the initial particle generation using a post-production 
solvent extraction step. For example, latex particles can be dispersed and subsequently dried with other wall 
forming compounds, followed by extraction with a suitable solvent. 

Although the perforated microstructures arc preferably formed using a blowing agent as described 
15 above, it vwili be appreciated that, in some instances, no additional blowing agent is required and an aqueous 
dispersion of the medicament and/or cxcipients and surf actantis) are spray dried directly. In such cases, the 
formulation may be amenable to process conditions ie.g., elevated temperatures) that may lead to the, 
formation of hollow, relativdy porous microparticles. Moreover, the medicament may possess special 
physicochemical properties <e.g., high crystallinity, elevated melting temperature, surface activity, etc.) that 
20 makes it particularly suitable for use in such techniques. 

When a blowing agent is employed, the degree of porosity and dispersibility of the perforated 
microstructure appears to depend, at least in part, on the nature of the blovwng agent, its concentration in 
the feed stock ie.g. as an emulsion), and the spray drying conditions. With respect to controlling porosity and, 
in suspensions, dispersibility it has surprisingly been found that the use of compounds, heretofore 
25 unappreciated as blowing agents, may provide perforated microstructures having particularly desirable 
characteristics. More particularly, in this novel and unexpected aspect of the present invention it has been 
found that the use of fiuorinated compounds having relatively high boiling points (i.e. greater than about 
40®C) may be used to produce particulates that are particularly porous. Such perforated microstructures are 
espedally suitable for inhalation therapies. In this regard it is possible to use fiuorinated or partially 
30 fiuorinated blowing agents having boiling points of greater than about 40''C, 50°C, 60*^0, lU^'O, SC'C, 90''C 
or even 95°C. Particularly preferred blowing agents have boiling points greater than the boiling point of 
water, i.e. greater than lOO^C (e.g. perflubron, perfluorodecaiin). in adcfition blowing agents with relatively 
low water solubility {< 10'^ M) are preferred since they enable the production of stable emulsion dispersions 
with mean weighted particle diameters less than 0.3 ^m. 
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As previously described, these blowing agents will preferably be incorporated in an ennulsified feed 
stock prior to spray drying. For the purposes of the present invention this feed stock will also preferably 
comprise one or more active or bioactive agents/ one or more surfactants or one or more excipients. Of 
course, combinations of the aforementioned components are also within the scope of the invention. While 
5 high boiling 1 > lOO^C) fluorinated blowing agents comprise one preferred aspect of the present invention, it 
will be appreciated that nonfluorinated blowing agents with similar boiling points (> lOO^C) may be used to 
provide perforated microstructures. Exemplary nonfluorinated blowing agents suitable for use in the present 
invention comprise the formula: 

R'-X-R^orR'-X 

10 wherein: or R^is hydrogen, alkyi, alkenyl, alkynl, aromatic, cyclic or combinations thereof, X is any group 
containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations thereof. 

While not limiting the invention in any way it is hypothesized that as the aqueous feed component 
evaporates during spray drying it leaves a thin crust at the surface of the particle. The resulting particle wall 
or crust formed during the initial moments of spray drying appears to trap any high boiling blowing agents as 

IS hundreds of emulsion droplets <ca. 200-300 nm). As the drying process continues, the pressure inside the 
particulate increases thereby vaporizing at least part of the incorporated blowing agent and forcing it through 
the relatively thin crust. This venting or outgassing apparently leads to the formation of pores or other 
defects in the microstructure. At the same time remaining particulate components (possibly including some 
blowing agent) migrate from the interior to the surface as the particle solidifies. This migration apparently 

20 slows during the drying process as a result of increased resistance to mass transfer caused by an increased 
internal viscosity. Once the migration ceases the particle solidifies, leaving voids, pores, defects, hallows, 
spaces, interstitial spaces, apertures, perforations or holes. The number of pores or defects, their size, and the 
resulting wall thickness is largely dependent on the fonnulation andlor the nature of the selected blowing 
agent ie.g. boiling point), its concentration in the emulsion, total solids concentration, and the spray-drying 

25 conations. It can be greatly appreciated that this type of particle morphology in part contributes to the 
improved powder dispersiUlity, suspension stability and aerodynamics. 

It has been surprisingly found that substantial amounts of these relatively high boiling blowing 
agents may be retained in the resulting spray dried product. That is, spray dried perforated microstructures 
as described herein may comprise as much as 1%, 3%, 5%, 10%, 20%, 30% or even 40% w/w of the blowing 

30 agent. In such cases, higher production yields were obtained as a result an increased -particle density caused 
by residual blowing agent. It will be appreciated by those skilled in the art that retained fluorinated blowing 
agent may alter the surface characteristics of the perforated microstructures, thereby minimizing particle 
aggregation during processing and further increasing dispersion stability. Residual fluorinated blowing agent 
in the particle may also reduce the cohesive forces between particles by providing a barrier or by attenuating 

35 the attractive forces produced during manufacturing le.g., electrostatics). This reduction in cohesive forces 
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may be particulariy advantageous when using the disclosed microstructures in conjunction with dry powder 
inhalers. 

Furthermore, the amount of residual blowing agent can be attenuated through the process 
conditions (such as outlet temperature), blowing agent concentration, or boiling point. If the outlet 
5 temperature is at or above the boiling point, the blowing agent escapes the particle and the production yield 
decreases. Preferred outlet temperature will generally be operated at 20, 30, 40, 50, 60, 70, 80, 90 or even 
100*^0 less than the blowing agent boiling point. More preferably the temperature differential between the 
outlet temperature and the boiling point will range from 50 to ISO'^C. It will be appreciated by those skilled in 
the art that particle porosity, production yield electrostatics and dispersibility can be optimized by first 

10 identifying the range of process conditions (e.g., outlet temperature) that are suitable for the selected active 
agents and/or excipients. The preferred blowing agent can be then chosen using the maximum outlet 
temperature such that the temperature differential with be at least 20 and up to 150^C. In some cases, the 
temperature differential can be outside this range such as, for example, when producing the particulates 
under supercritical conditions or using lyophilization techniques. Those skilled in the art will further 

IS appreciate that the preferred concentration of blowing agent can be determined experimentally without 
undue experimentation using techniques similar to those described in the Examples herein. 

While residual blowing agent may be advantageous in selected embodiments it may be desirable to 
substantially remove any blowing agent from the spray dried product. In this respect, the residual blowing 
agent can easily be removed with a post-production evaporation step in a vacuum oven. Moreover, such post 

20 production techniques may be used to provide perforations in the particulates. For example, pores may be 
formed by spray drying a bioactive agent and an exdpient that can be removed from the formed particulates 
under a vacuum. 

In any event typical concentrations of blowing agent in the feed stock are between 2% and 50% 
viv. and more preferably between about 10% to 45% v/v. In other embodiments blowing agent 
25 concentrations will preferably be greater than about 5%, 10%, 15%, 20%, 25% or even 30% v/v. Yet other 
feed stock emulsions may comprise 35%, 40%, 45% or even 50% v/v of the selected high boiling point 
compound. 

In preferred embodiments, another method of identifying the concentration of Mowing agent used in 
the feed is to provide it as a ratio of the concentration of the blowing agent to that of the stabilizing 

30 surfactant (e.g. phosphatidylcholine or PC) in the precursor or feed emulsion. For fluorocarbon blowing agents 
(e.g. perfluorooctyl bromide), and for the purposes of explanation, this ratio has been termed the RFC/PC 
ratio. More generally, it will be appreciated that compatible blowing agents and/or surfactants may be 
substituted for the exemplary compounds without falling outside of the scope of the present invention. In 
any event, the typical PFC/PC ratio will range from about 1 to about 60 and more preferably from about 10 to 

35 about 50. For preferred embodiments the ratio will generally be greater than about 5, .10, 20, 25, 30, 40 or 
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even 50. In this respect Fig. 1 shows a series of pictures taken of perforated microstructures formed of 
phosphatidyichoiine (PC) using various amounts of perfiuorooctyl bromide (RFC), a relatively high boiling point 
fiuorocarbon as the blowing agent. The PFCfPC ratios are provided under each subset of pictures, i.e. from 
1 A to IF. Formation and imaging conditions are discussed in greater detail in Examples I and il below. With 
regard to the micrographs, the column on the left shows the intact microstructures while the column on the 
right illustrates cross-sections of fractured microstructures from the same preparations. 

As may easily be seen in the Fig. 1, the use of higher PFC/PC ratios provides structures of a more 
hollow and porous nature. More particularly, those methods employing a PFC/PC ratio of greater than about 
4.8 tended to provide structures that are particularly compatible with the dry power formulations and 
dispersions disclosed herein. Similarly, Fig. 3, a micrograph which will be discussed in more detail in Example 
XII below, illustrates a preferably porous morphology obtained by using higher boiiing point blowing agents (in 
this case perfluorodecalin). 

While relatively high boiling point blowing agents comprise one preferred aspect of the instant invention it 
will be appreciated that more convention^ and unconventionsd biowing or inflating agents may also be used to 
provide compatible perforated microstructures. The biowing agent comprises any volatile substance, which can 
be incorporated into the feed solution for the purpose of producing a perforated foam-like structure in the 
resulting dry microspheres. The blowing agent may be removed during the initial drying process or during a 
post-production step such as vacuum drying or sdvent extraction. Suitable agents include: 

1. Dissolved low-boiling ibdow 100 C) agents miscible with aqueous solutionsr such as methylene chloride, 
acetone, ethyl acetate, and alcohols used to saturate the solution. 

2. A gas, such as CO2 or N2.or liquid such as Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fluoroatkanes, and 
hydrocarbons used at devated pressure. 

3. Emulsions of immiscible low-boiling (below 100 C) liquids suitable for use with the present invention are 
generally of the formula: 

R*.X-R^ or R*-X 

wherein: R* or R^ is hydrogen, alkyi, alkenyl, alkynl, aromatic, cyclic or combinations thereof, X is 
any groups containing carbon, sulfur, nitrogen, halogens, phosphorus, oxygen and combinations 
thereof. . Such liquids include: Freons, CFCs, HFAs, PFCs, HFCs, HFBs, fluoroalkanes, and hydrocarbons. 

4. Dissolved or dispersed salts or organic substances which can be removed under reduced pressure by 
sublimation in a post-production step, such as ammonium salts, camphor, etc. 

5. Dispersed sdids which can be extracted after the initial particle generation using a post-production 
solvent extraction step, such particles include latex, etc. 
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With respect to these lower boiling point inflating agents, they are typically added to the feed stock in 
quantities of about 1 % to 40% v/v of the surfactant solution. Approximately 1 5% v/v inflating agent has ban found 
to produce a spray dried powder that may be used to f omi the stabilized dispersions of the present invention. 

Regardless of which blowing agent is ultimately selected, it has been found that compatible 
5 perforated microstructures may be produced particularly efficiently using a Buchi mini spray drier (model B- 
191, Switzerland). As will be appreciated by those skilled in the art, the inlet temperature and the outlet 
temperature of the spray drier are not critical but will be of such a level to provide the desired particle size 
and to result in a product that has the desired activity of the medicament. In this regard, the inlet and outlet 
temperatures are adjusted depending on the melting characteristics of the formulation components and the 

10 composition of the feed stock. The inlet temperature may thus be between 60''C and 170^^0, with the outlet 
temperatures of about AO^'C to 120^C depending on the composition of the feed and the desired particulate 
characteristics. Preferably these temperatures will be from 90''C to 120''C for the inlet and from 60''C to 
90''C for the outlet. The flow rate which is used in the spray drying equipment will generally be about 3 ml 
per minute to about 15 ml per minute. The atomizer air flow rate will vary between values of 25 titers per 

1 5 minute to about 50 liters per minute. Commercially available spray dryers are well known to those in the art, and 
suitable settings for any particular dispersion can be readiy detennined through standard empirical testing, with due 
reference to the examples that follow. Of course, the concStions may be adjusted so as to preserve biological 
activity in larger molecules such as proteins or peptides. 

Though the perforated microstructures are preferably formed using fiuorinated idowing agents in 

20 the fonn of an emulsion, it will be appreciated that nonfluorinated oils may be used to increase the loading 
capacity of active or bioactive agents without compromising the microstructure. In this case, selection of the 
nonfluorinated oil is based upon the solubiiity of the active or bioactive agent, water solubility, boiling point, 
and flash point. The active or bioactive agent will be dissolved in the oil and subsequently emulsified in the 
feed solution. Preferably the oil will have substantial solubilization capacity with respect to the selected 

25 agent, low water solubility (< 10'^M), boiling point greater than water and a flash point greater than the 
drying outlet temperature. The addition of surfactants, and co-solvents to the nonfluorinated oil to increase 
the solubilization capacity is also within the scope of the present invention. 

In particulariy preferred embodiments nonfluorinated oils may be used to soluUlize agents or 
bioactive agents that have limited solubility in aqueous compositions. The use of nonfluorinated oils is of 

30 particular use for increasing the loading capacity of steroids such as beclomethasone dipropionate and 
triamcinolone acetoiude. Preferably the oil or oil mixture for solubilizing these clathrate forming steroids will 
have a refractive index between 1.36 and 1.41 (e.g. ethyl butyrate, butyl carbonate, dbutyl ether). In 
addition, process conditions, such as temperature and pressure, may be adjusted in order to boost solubility of 
the selected agent. It will be appreciated that selection of an appropriate oil or oil mixtures and processing 
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conditions to maximize the loading capacity of an agent are well within the purview of a skilled artisan in view 
of the teachings herein and may be accomplished without undue experimentation. 

Particularly preferred embodments of the present invention comprise spray drying preparations comprising 
a surfactant such as a phospholipid and at least one active or bioactive agent. In otter embodments the spray 
S drying preparation may further comprise an excipient comprisng a hydrophiiic maety such as, for example, a 
carbohydrate fi.e. glucose, lactose, or starch) in addition to any selected surfactant. In this regard various starches 
and derivatized starches suitable for use in the present invention. Other optional components may include 
conventional viscosity modifiers, buffers such as phosphate buffers or other convention^ biocompatible buffers or 
pH adjusting agents such as acids or bases, and osmotic agents (to provide isotonicity, hyperosmolarity, or 

1 0 hyposmoiarity). Examples of suitaUe salts include sodum phosphate (both monobasic and dibasic), sodum chloride, 
caldum phosphate, calcium chloride and other physiologically acceptaUe salts. 

Whatever components are selected, the first step in particulate production typically comprises feed 
stock preparation. Preferably the selected drug is dssdved in water to produce a concentrated solution. The 
drug may also be dispersed directly in the emulsion, particularly in the case of water insoluble agents. 

1 S Alternatively, the drug may be incorporated in the forni of a solid particulate dispersion. The concentration of 
the active or bioactive agent used is dependent on the amount of agem required in the final powder and the 
performance of the delivery device employed (e.g., the fine particle dose for a MDl or DPI). As needei 
cosurfactants such as poloxamer 188 or span 80 may be dispersed into this annex solution. Additionally, 
excipients such as sugars and starches can also be added. 

20 In selected embodiments an oil-in water emulsion is then formed in a separate vessel. The oil 

employed is preferably a fluorocarbon (e.g., perfluorooctyl bromide, perfluorodecalin) which is emulsified using 
a surfactant such as a long chain saturated phospholipid. For example, one gram of phospholipid may be 
homogenized in 150 g hot distilled water (e.g., 60^0 using a suitable high shear mechanical mixer (e.g.. Ultra- 
Turrax model T-25 mixer) at 8000 rpm for 2 to 5 minutes. Typically 5 to 25 g of fluorocarbon is added 

25 dropwtse to the dispersed surfactant solution while mixing. The resulting perfluorocarbon in water emulsion is 
then processed using a high pressure homogenizer to reduce the particle size. Typically the emulsion is 
processed at 12,000 to 18,000 psi, 5 discrete passes and kept at 50 to 80® C. 

The active or bioactive agent solution and perfluorocarbon emulsion are then combined and fed into 
the spray dryer. Typically the two preparations will be miscibie as the emulaon will preferably comprise an 

30 aqueous continuous phase. While the bioactive agent is solubilized separately for the purposes of the instant 
discussion it will be appreciated that, in other embodiments, the active or bioactive agent may be solubilized 
(or dispersed) directly in the emulsion. In such cases, the active or bioactive emulsion is simply spray dried 
without combining a separate drug preparation. 

In any event, operating conditions such as inlet and outlet temperature, feed rate, atomization 

35 pressure, flow rate of the drying air, and nozzle configuration can be adjusted in accordance with the 

-22- 

3NSDOCID: <WO_9916419A1_IA> 



wo 99/16419 



PCT/US98/20602 



manufacturer's guidelines in order to produce the required particle size, and production yield of the resulting 
dry microstructures. Exemplary settings are as follows: an air inlet temperature between 60*^C and 170''C; 
an air outlet between to 120''C; a feed rate between 3 mi to about 15 ml per minute; and an aspiration 
air flow of 300 L/min. and an atomization air flow rate between 25 to 50 L/min. The selection of appropriate 
5 apparatus and processing conditions are well within the purview of a skilled artisan in view of the teachings 
herein and may be accomplished without undue experimentation. In any event the use of these and 
substantially equivalent methods provide for the fonnation of hollow porous aerodynamically light 
microspheres with particle diameters appropriate for aerosol deposition into the lung, microstructures that are 
both hollow and porous, almost honeycombed or foam*iike in appearance. In especi^ly preferred 

1 0 embodiments the perforated microstructures comprise hollow, porous spray dried microspheres. 

Along with spray drying, perforated microstructures useful in the present invention may be formed 
by lyophilization. Those skilled in the art vwil appreciate that lyophilization is a freeze-drying process in which 
water is suUimed from the composition after it is frozen. The particular advantage associated with the 
lyophilization process is that biologicals and pharmaceuticals that are rdatively unstable in an aqueous 

1 5 solution can be dried without elevated temperatures (thereby eliminating the adverse thermal effects), and 
then stored in a dry state where there are few stability problems. With respect to the instant invention such 
techniques are particularly compatible with the incorporation of peptides, proteins, genetic material and other 
natural and synthetic macromolecules in particulates or perforated microstructures without compromising 
physiological activity. Methods for providing iyophilized particulates are known to those of skill in the art and 

20 it would clearly not require undue experimentation to provide dispersion compatible microstructures in 
accordance with the teachings herein. The Iyophilized cake comaining a fine foam-like structure can be 
micronized using techniques known in the art to provide 3 to lO/mi sized particles. Accordingly, to the extent 
that lyophilization processes may be used to provide microstructures having the desired porosity and size they 
are conformance with the teachings herein and are expressly contemplated as being within the scope of the 

25 instant invention. 

Besides the aforementioned techniques, the perforated microstructures or particles of the present 
invention may also be formed using a method where a feed solution (either emulsion or aqueous) containing 
wall forming agents is rapidly added to a reservoir of heated oil (e.g. perflubron or other high boiling FCs) 
under reduced pressure. The water and volatile solvents of the feed solution rapidly boils and are evaporated. 

30 This process provides a perforated structure from the wall fanning agents similar to puffed rice or popcorn. 

Preferably the wall forming agents are insoluble in the heated oil. The resulting particles can then separated 
from the heated oil using a filtering techirique and subsequentiy dried under vacuum. 

Additionally, the perforated microstructures of the present invention may also be formed using a 
double emulsion method. In the double emulsion method the medicament is first dispersed in a polymer 

35 dissolved in an orgarec solvent (e.g. methylene chloride) by sonication or homogenization. This primary 
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emulsion is then stabilized by forming a multiple emulsion in a continuous aqueous phase containing an 
emuisifier such as poiyvinylalcohol. Evaporation or extraction using conventional techniques and apparatus 
then removes the organic solvent. The resulting microspheres are washed, filtered and dried prior to 
combining them with an appropriate suspension medium in accordance with the present invention 
S Whatever production method is ultimately selected for production of the perforated microstructures, 

the resulting powders have a number of advantageous properties that make them particularly compatible for 
use in devices for inhalation therapies. In particular, the physical characteristics of the perforated 
microstructures make them extremely effective for use in dry powder inhalers and in the formation of 
stabilized dispersions that may be used in conjunction with metered dose inhalers/ nebulizers and liquid dose 
10 instillation. As such, the perforated microstructures provide for the effective pulmonary administration of 
bioactive agents. 

In order to maximize dtspersibility, dspersion staUBty and optimize distribution upon adnunistration, the 
mean geometric particle size of the perforated microstructures is preferably about 0.5-50 m, more prefer^y V30 
m. It wil te appreciated that large particles |i.e. greater than 50 m) may not be preferred in applications where a 

1 5 valve or smdi orifice is employed, since large particles tend to aggregate or separate from a suspension which 
could potentially clog the device. In especially preferred embodments the mean geometric partide size (or 
diameter) of the perforated microstructures is less than 20 m or less than 10 m. hAore preferably the mean 
geometric dimeter is less than about 7 m or 5 m, and even more preferably less than about 2.5 m. Other preferred 
embodimaits vwll comprise preparations wherein the mean geometric dameter of the perforated microstructures is 

20 between about 1 m and 5 m. In especially preferred embodiments the perforated microstructures will comprise a 
powder of dry, hollow, porous microspherical shells of approximately 1 to 10 m or 1 to 5 m in diameter, with shefl 
tMcknesses of approximately 0.1 m to approximately 0.5 m. It is a particular advantage of the present invention 
that the particulate concentration of the dspersions and structural matrix components can be ac^usted to optimize 
the delivery characteristics of the selected partide size. 

25 As alluded to throughout the instant sprafication the porosity of the microstmctures may play a 

significant part is estabBsNng dispersifaility (e.g. in DPIs) or dispersion stability (e.g. for MDIs or nebuEzersK In this 
respect the mean porosity of the perforated microstructures may be determined through electron microscopy 
coupled with modem imaging techniques. More spedfically, electron micrographs of representative samples of the 
perforated microstructures may be obtained and dgitafly analyzed to quantify the porosity of the preparation. Such 

3 0 nruthoddogy is well known in the art and may be undertaken without undue experimentation. 

For the purposes of the present invention, the mean porosity fi.e. the percentage of the particle surface 
area that is open to the interior and/or a central void) of the perforated microstructures may range from 
approximately 0.5% to approximately 80%. In more preferred embodiments, the mean porosity will range from 
approximately 2% to approximately 40%. Based on selected production paraneters, the mean porosity may be 

35 greater than approximately, 2%, 5%, 10%, 15%, 20%, 25% or 30% of the microstructure surface area, in other 

-24- 

3NSDOCID: <WO_9916419A1^IA> 



wo 99/16419 



PCT/US98/20602 



embodments, the mean poroaty of the microstructures may be greater than about 40%, 50%. 60%, 70% or even 
80%. As to the pores themselves, they typically rar^e in size from about 5 nm to about 400 nm with mean pore 
sizes preferably in the rar^e of from about 20 nm to about 200 nm. In particularly preferred embodiments the mean 
pore size will be in the range of from about 50 nm to about 100 nm. As may be seen in Figs. lAl to 1F2 and 
5 discussed in more detaO below, it is a significant advantage of the present invention that the pore size and porosity 
may be closely contrdled by carefii selection of the incorporated components and production parameters. 

In this regard, the particle morphology and/or hollow design of the perforated microstructures also plays an 
important role on the dispersibility or cohesiveness of the dry pow(ter formulations disclosed herein. That is, it has 
been surprisingly discovered that the inherent cohesive character of fine powders can be overcome by lowering the 

10 van der Waals, electrostatic attractive and liquid bridging forces that typically exist between dry particles. More 
specifically, in concordance with the teachings herein, improved powder dispersibility may be provided by engineering 
the particle morphdogy and density, as well as control of humidty and charge. To that end, the perforated 
microstructures of the present invention comprise pores, voids, hdlows, defects or other interstitial spaces wrtch 
reduce the surface contact area between particles thereby minimizing interpartide forces, in addition, the use of 

15 surfactants such as phospholipids and fiuorinated blowing ^ents in accordance with the teachings herein may 
contribute to improvements in the flow properties of the powders by tempering the charge and strength of the 
electrostatic forces as wdi as moisture content 

Most fire powders |e.g. < 5//m) exhibit poor dispersibility wNch can be proUanatic when attempting to , 
deliv^, aerosdize and/or p«:kage the powders. In this respect the major forces which contrd partide interactions 

20 can tyfncally be divided into long and short range forces. Long range forces indude gravitational attractive forces 
and dectrostatics, where the interaction varies as a square of the separation distance or partide dameter. 
Important short range forces for dry powders indude van der Waais interactions, hydrogen bonding and liqind 
bridges. The latter two short range forces differ from the others in that they occur where there is already contact 
between partides. It is a major advantage of the present invention that these attractive forces may be substantidly 

25 attenuated or reduced through the use of perforated microstmctures as described herdn. 

In an effort to overcome these attracthre forces, typicd prior art dry powder fonnulations for DPIs 
comprise miaonized drug partides that are depoated on large carrier partides ie.g., 30 to 90 pm) such as lactose or 
agglomerated units of pure drug partides or agglomeration of fine lactose particles with pure drug, since they are 
more readily fluidized than neat dmg partides. In addition, the mass of drug required per actuation is typicdiy less 

30 than 1 00 fjq and is thus prohibit'nrdy too smdl to meter. Hence, the larger lactose partides in prior art formulations 
function as both a carrier particle for aerosofization and a bulking agent for metering. The use of large partides in 
these formulations are employed since powder dispersibiiity and aerosdization effidency improves with increasing 
increasing partide sze as a result of diminished Imerparticle forces (French, D.U Edwards, OX sand Nivea R.W., J. 
Aerosol Sd. 27, 769-783, 1996 which is incorporated herein by reference). That is, prior art formulations often use 
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large particles or carriers to overcome the prindpie forces contrdOnQ dispersibility such as van der Waals forces, 
liqud bridging, and electrostatic attractive forces that exists between particles. 

Those skilled in the art m% appreciate that the van der Waals (VDW) attractive force occurs at short range 
and depends, at least in part, on the surface contact between the interacting particles. VVten two dry particles 
S approach each other the VDW forces increase with an increase in contact area. For two dry particles, the magnitude 
of the VDW interaction force, fy^, can be calcinated using the following e({uation: 

where h is Planck's constant, t3 is the angular frequency, do is the ^stance at which the adhesional force is at a 
maximunv and ri and r2 are the radii of the two interacting partides. Accordngly, it will be appreciated that one way 

1 0 to minimize the magnitude and str^gth of the VDW force for dry powtfers is to decrease the interpartide area of 
contact. It is important to note that the magnitude do is a reflection of this area of contact. The minimal area of 
contact between two opposing bodies will occur if the particles are perfect spheres. In add tion, the area of contact 
will be further minimized if the partides are highly porous. Accordngty, the perforated microstmctures of the present 
invention act to rediK:e interpartide contact and con^ondng VDW attractive forces. It is important to note ttet 

1 5 this reduction in VDW forces is largely a result of the unique partide morphology of the powders of the present 
inveittion rather than an increase in geometric partide diameter. In this regard, it will be appredated that particuiariy 
preferred onbodiments of the present invention provide powders having average or small particulates ie.g. mean 
geometric diameter < 10 //ml exhibiting relatively low VDW attractive forces. Conversely, sdii non-spherical 
partides such as conventional micronized drugs of the same size vuill exert greater interpartide forces between them 

20 and, hence, wOl exhibit poor powder d spersiUiity. 

Further, as indcated above, the electrostatic force affecting powders occurs when either or both of the 
partides are electrically chaged. This phenomenon wiD result with either an attraction or repulsion between 
partides dependng on the simflarity or dissimilarity of charge. In the simplest case, the electric charges can be 
described using Coulomb's Law. One way to modulate or decrease the dectrostatic forces between partk:les is if 

25 either or both partides have non-conducting surfaces. Thus, if the perforated microstructure powders comprise 
exdpients, swf actants or active agents that are relatively non-conducting, then any charge generated in the partide 
vuili be unevenly distributed over the surface. As a result, the charge half-life of powders comprising non-conducting 
components will be relativdy short since the retention of elevated charges is dctated by the resistivity , of the 
material. Reastive or non-conducting components are materials which will neither function as an effident electron 

30 donor or acceptor. 
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Derjaguin et al. {Midler, V.M., Yushchenko, V.S., and Derj^uia B.V., J. Colloid Interface Sd. 1980, 77, 1 1 5- 
119), which is incorporated herein by reference, provide a list ranking molecular groups for their ability to accept or 
donate an eiectroa In this regard exemplary groups may be ranked as f oUows: 

5 Donon-NH. > -OH > -OR > -COOR > CHj > CgHg > 

-halogen > -CGOH > -CO > CN Acceptor 

The present invention provides for the reduction of elatrostatic effects in the disclosed powders though 
the use of relatively non^ionductive materials. Using the above rankings, preferred non-conductive materials would 

10 include halogenated and/or hydrogenated components. Materi^s such as phospholipids and fluorinated blowing 
agents (which may be retained to some extent in the spray dried powders) are preferred sirce they can provide 
resistance to partide charging. It will be appreciated that the retention of readual blowing agent (e.g. 
fluorochOTiicsdsl in the partides, even at reiativdy low levels, may help minimize charging of the perforated 
microstructures as is typically imparted during spray drying and cydone separation. Based on general electrostatic 

15 prindples and the teachings herein, one skilled in the art would be able to identify additional materials that serve to 
reduce the dectrostatic forces of the cfisdosed powders without undue experimemation. Further, if needed, the , 
electrostatic forces can also be marupulated and minimized using electrification and charging techniques. 

In addition to the surprising advantages described above, the present invention further provides for the 
attenuation or reduction of hydrogen and liquid bonding. As known to those skilled in the art, both hydrogen bonding 

20 and Bquid bridging can result from moisture that is ^sorbed by the powder. In general, higher humidities produce 
higher interparticle forces for hydrophilic surfaces. This is a substantial problem in prior art pharmaceutical 
formulations for inhalation therapies which tend to employ relatively hydrophilic compounds such as lactose. . 
However, in accordance with the teaclungs hereia adhesion forces due to adsorbed water can be modulated or 
reduced by increasing the hydrophobidty of the contacting surfaces. One skilled in the art can appredate that an 

25 increase in partide hydrophobidty can be achieved through exdfnent selection and/or use a post-production spray 
drying coating technique such as employed using a fluidized bed. Thus, preferred exdpients indude hydrophobic 
surfactants such as phospholipids, fatty add soaps and chdesterd. In view of the teachings herein, it is submitted 
that a skiOed artisan would be aUe to identify materials exhibiting similar desirable properties without undue 
experimentation. 

30 In accordance with the present invention, methods such as angle of repose or shear index can be used to 

assess the flow properties of dry powders. The angle of repose is defined as the angle formed when a cone of 
powder is poured onto a flat surface. Powders having an angle of repose ranging from 45° to 20° are preferred and 
indicate suitable powder flow. More particulariy, powdery which possess an angle of repose between 33° and 20° 
exhibit relatively low shear forces and are espedaly useful in pharmaceutical preparations for use in inhalation 

35 tterapies (e.g. OPIs). The shear index, though more time consuming to measure than angle of repose, is considered 
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more reliable and easy to determine. Those skilled in the art will appreciate that the experimental procedure outlined 
by Amidon and Houghton (G.E. Amidon, and M.E. Houghtoa Pharm. Manuf., 2, 20, 1985, incorporated herein by 
reference) can be used estimate the shear index for the purposes of the present invention. As described in S. Kocova 
and N. Pilpel, J. Pharm. Phamiacol. 8, 33-55, 1973, also incorporated herein by reference, the shear index is 
estimated from powder parameters such as, yield stress, effective angle of internal frictioa tensile strength, and 
specific cohesion, in the present invention powders having a shear index less than about 0.98 are desirable. More 
preferably, powders used in the disclosed compositions, methods and systems will have diear indices less than about 
1.1. In particularly preferred embocfiments the shear index wil be less than about 1.3 or even less than about 1.5. 
Of course powders having different shear indices may be used provided the resdt in the effective deposition of the 
active or bioactive agent at the site of interest. 

It win dso be appreciated that the flow properties of powders have been shown correlate well with bidk 
density measurements. In this regard, convention^ prior art thinking (C.F. Hanvood, J. Phann. Sci., 60, 161-163, 
1971) held that an increase in bulk density correlates with improved flow properties as predicted by the shear index 
of the material. Conversely, it has surprisin^y been found that, for the perforated nncrostructures of the present 
invention, superior flow properties vuere exKUted by powders having relatively low bulk densities. That is, the hollow 
porous powders of the present invention exhibited superior flow properties over powders substantidly devoid of 
pores. To that esii, it has been found that it is possible to provide powders having bulk densities of less than 0.5 
gim? that exhiiut particulariy favorable flow properties. More surprisingly, it has been found that it is possible 
to provide perforated microstructure powders having bulk densities of less than 0.3 g/cm^ or even less than 
about 0.1 g/cm^ that exhibit excellent flow properties. The ability to produce low bulk density powders having 
superior flowabiiity further accentuates the novel and unexpected nature of the present invention. 

In addition, it will be appreciated that the reduced attractive forces ie.g. van der Waals, 
electrostatic, hydrogen and liquid bonding, etc.) and excellent flowabiiity provided by the perforated microstructure 
powders make them particulariy useful in preparations for inhalation therapies ie.g. in inhalation devices such as 
DPIs, MDIs, nebulizers). Along with the superior flowabiiity, the perforated or porous and/or hollow design of 
the microstructures also plays an important role in the resulting aerosol properties of the powder when 
discharged. This phenomenon holds true for perforated microstructures aerosolized as a suspension, as in the 
case of an MDI or a nebulizer, or delivery of perforated microstructures in dry form as in the case of a DPI. In 
this respect the perforated structure and relatively high surface area of the dispersed microparticles enables them to 
be carried along in the flow of gases during inhalation with greater ease for longer distances than non-perforated 
particles of comparable size. 

More particularly, because of their high porosity, the density of the particles is significantly less than 
1.0 g/cm\ typically less than 0.5 g/cm^ more often on the order of 0.1 g/cm\ and as low as 0.01 g/cm^. 
Unlike the geometric particle size, the aerodynamic particle size, d^^ , of the perforated microstructures 
depends substantially on the particle density, p: = d p, where d is the geometric diameter. 
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For a partide density of 0.1 g/cm\ d^^^ will be roughly three times smaller than d^^^, leading to increased 

particle deposition into the peripheral regions of the lung and correspondingly less deposition in the throat. In 
this regard, the mean aerodynamic diameter of the perforated microstructures is preferably less than about 5 
//m, more preferably less than about 3 //m, and, in particularly preferred embodiments, less than about 2 /fln. 
5 Such particle distributions will act to increase the deep lung deposition of the bioactive agent whether 
administered using a DPI, MDI or nebidizer. Further, having a larger geometric diameter than aerodynamic 
diameter brings the partides doser to the wall of the alveolus thus increasing the deposition of smdl 
aerodynamic diameter particles. 

As will be shown subsequently in the Examples, the particle size distribution of the aerosd 

10 formulations of the present invention are measurable by conventiond techniques such as, for example, 
cascade impaction or by time of flight andyticd methods. In addition, determination of the emitted dose from 
inhalation devices were done according to the proposed U.S. Pharmacopeia method [PharmacopBial Pr6)fiBWS, 
22(1996) 30651 which is incorporated herdn by reference. These and related techniques enable the "fine 
partide fraction" of the aerosol, which corresponds to those particdates that are likely to effectivdy 

15 deposited in the lung, to be calcdated. As used herein the phrase "fine particle fraction" refers to the 
percentage of the totd amount of active medicament delivered per actuation from the mouthpiece of a DPI, 
MDI or nebdizer onto plates 2-7 of an 8 stage Andersen cascade impactor. Based on such measurements the 
formdations of the present invention will preferably have a fine particle fraction of approximately 20% or 
more by weight of the perforated microstructures (wM, more preferably they will exhibit a fine particle 

20 fraction of from about 25% to 80% w/w, and even more preferably from about 30 to 70% w(w. In selected 
embodiments the present invention will preferably comprise a fine particle fraction of greater than about 
30%, 40%, 50%, 80%, 70% or 80% by wdght. 

Further, it has dso been found that the formdations of the present invention exhibit relatively low 
deposition rates, when compared with prior art preparations, on the induction port and onto plates 0 and 1 of 

25 the impactor. Deposition on these components is linked with deposition in the throat in humans. More 
specifically, most commerddly available MDIs and DPIs have simdated throat depositions of approximatdy 
40-70% (w/w) of the totd dose, while the formulations of the present invention typically deposit less than 
about 20% w/w. Accordingly, preferred embodiments of the present invention have simdated throat 
depositions of less than about 40%, 35%, 30%, 25%, 20%, 15% or even 10% w/w. Those skilled in the art 

30 will appreciate that significant decrease in throat deposition provided by the present invention will result in a 
corresponding decrease in associated local side-effects such as throat irritation and candidiasis. 

With respect to the advantageous deposition profile provided by the instant invention it is well 
known that MDI propeilants typically force suspended particles out of the device at a high velocity towards 
the back of the throat. Since prior art formdations typically contain a sigdficant percentage of large 

35 partides and/or aggregates, as much as two-thirds or more of the emitted dose may impact the throat. 

-29- 

iNSDOCID: <WO_9916419AlJA> 



wo 99/16419 



PCTAJS98/20602 



Moreover^ the undesirable delivery profile of conventional powder preparations is also exhibited under 
conditions of low particle velocity, as occurs with DPI devices. In general, this problem is inherent when 
aerosolizing solid, dense, particulates which are subject to aggregation. Yet as discussed above, the novel 
and unexpected properties of the stabilized dis^rsions of the present invention result in surprisingly low 
5 throat deposition upon administration from inhalation device such as a DPI, MDI atomizer or nebulizer. 

WKIe not wishing to be bound by any particular theory, it appears that the reduced throat 
deposition provided by the instant invention results from decreases in particle aggregation and from the 
hdiow andlor porous morphology of the incorporated microstructures. That is. the hollow and porous nature 
of the dispersed microstructures slows the velocity of particles in the propellent stream (or gas stream in the 
10 case of DPIs), just as a hollow/porous whiffle bail decelerates faster than a baseball. Thus, rather than 
impacting and sticking to the back of the throat, the relatively slow traveling particles are subject to 
inhalation by the patient. Moreover, the Inghly porous nature of the particles allows th propellent within the 
perforated microstructure to rapidly leave and the particle density to drop before impacting the throat. 
Accordingly, a substantially higher percentage of the administered bioactive agent is deposited in the 
1 S pulmonary air passages where it may be ef fidentiy absorbed. 

With respect to inhelation therapies, those skilled in the art will appreciate that the perforated 
nncrostructure powders of the present invention are particularly usehil in DPIs. Conventional DPiSr or dry powder 
inhalo'Sp comprise powifered fonnulations and devices where a predetemuned dose of mecficament, either done or in 
a Uend with lactose carrier partideSr is ddivered as a fine mist or aerosol of dry powder for inhalation. The 
20 medicament is formulated in a way such that it readHy disperses into discrete particles with a size rage between 0.5 
to 20 fjm. The powder is actuated either by inspiration or by some external deOvery force, such as pressurized air. 
DPI fonnulations are typically packaged in single dose units or they employ reservoir systems capable of metering 
multiple doses with manual transfer of the dose to the device. 

DPIs are generally classified based on the dose deivery system employed. In tMs respect tiie two m^or 
25 types of DPIs conriprise urat dose delivery devices and bulk reservoir deivery systems. As used hereia the tenn 
"reservoir^ shall be used in a general sense and held to encompass botii configurations unless otherwise cfictated by 
contextual restraints. In any event unit dose ddwery systems require the dose of powder f onnulation presented to 
tiie device as a single uivt With tivs system, the f onnulation is prefiBed into dosing weHs which may be f oi packaged 
or presented in bfister strips to prevent moisture ingress. Other unit dose packages include hard gdatin capsules. 
30 Most unit dose containers designed for DPIs are filled using a fixed volume technique. As a result there are 
physical limitations (here density) to the minimal dose that can be metered into a unit package, which is 
dictated by the powder flowability and bulk density. Currentiy, tiie range of dry powder that can be filled 
into a unit dose container is in the range of S to 15 mg which corresponds to drug loading in the range of 25 
to SQO/yg per dose. Conversely, bulk reservoir delivery systems provide a precise quantity of powder to be 
35 metered upon individual ddivery for up to approximately 200 doses. Again Gke the unit dose systems, the 
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powder is metered using a fixed volume ceil or chamber that the powder is fiiled into. Thus, the density of the 
powder is a major factor limiting the minimal dose that can be delivered with this device. Currently bulk 
reservoir type DPIs can meter between 200ijq to 20 mg powder per actuation. 

DPis are designed to be manipulated such that they break open the capsule/biister or to load bulk 
5 powder during actuation, followed by dispersion from a mouthpiece or actuator due to the patient's 
inspiration. When the prior art formulations are actuated from a DPI device the lactose/drug aggregates are 
aerosolized and the patient inhales the mist of dry powder. During the inhalation process, the carrier partides 
encounter shear forces whereby some of the micronized drug particles are separated from the lactose 
particulate surface. It will be appreciated that the drug particles are subsequently carried into the lung. The 

10 large lactose particles impact the throat and upper airways due to size and inertial force constraints. The 
efficiency of delivery of the drug particles is dictated by their degree of adhesion with the carrier particles 
and their aerodynamic property. 

Deaggregation can be increased through formulation, process and device design improvements. For 
example fine particle lactose (FPL) is often mixed with coarse lactose carriers, wherein the FPL will occupy 

1 5 high-energy binding sites on the carrier partides. This process provides more passive sites for adhesion of the 
micronized drug partides. This tertiary blend with the drug has been shown to provide statistically significant 
increases in fine partide fraction. Other strategies include speddized process conditions where drug particles 
are mixed with FPL to produce agglomerated units, in order to further increase particulate deposition, many 
DPIs are designed to provide deaggregation by passing the dosage form over baffles, or through tortuous 

20 channels that disrupts the flow properties. 

The addition of FPL, agglomeration with FPL and spedalized device design provides an improvement 
in the deaggregation of formulations, however, the clinically important parameter is the fine partide dose 
received by the patient. Though improvements in deaggregation can be provided, a major problem still exists 
with current DPI devices in that there is an increase in respirable dose with an increased inspiratory effort. 

25 This is a result of an increased fine particle fraction corresponding to the increased disaggregation of partide 
agglomerates as the airflow increases through the inhaler with increasing inspiratory effort. Consequently 
dosing accuracy is compromisei leading to complications when the devices are used to administer highly 
efficadous drugs to sensitive populations such as children, addescents and the elderly. Moreover, the dosing 
inaccuracy associated with conventional preparations codd complicate regulatory approvd. 

30 In stark contrast the perforated microstructure powders of the present invention obviate many of the 

difficulties assodated with prior art carrier preparations. That is, an improvement in DPI performance may be 
provided by engineering the partide dze, aerodynamics, morphdogy and density, as weD as contrd of humidity and 
charge. In this respect the present invention provides formulations v\dierein the medicament and the incipients 
or bdking agents are preferably assodated with or comprise the perforated microstnictures. As set .forth 

35 above, preferred compositions according to the present invention typicdiy yield powders with bdk densities 
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less than 0.1 g/cm^ and often less than 0.05 g/cm^ It will be appreciated that providing powders having bulk 
densities an order of a magnitude less than conventional DPI formulations allows for ^ ^ower doses of the 
selected bioactive agent to be filled into a unit dose container or metered via reservoir bc -.o DPIs. The ability 
to effectively meter small quantities is of particular importance for low dose steroid, long acting 

S bronchodilators and new protein or peptide medicaments proposed for DPI delivery. Moreover, the ability to 
effectively deliver particulates without associated carrier particles simplifies product fonnulation, filling and 
reduces undesirable side effects. 

As discussed above, the hollow porous powders of the present invention exhibit superior flow properties, 
as measured by the angle of repose or shear index methods described hereirv with respect to equivalent powdm 

10 substantially ifevoid of pores. That is, superior powder flow, which appears to be a function of bulk density and 
particle morphology, is observed where the powders have a bulk density less than 0.5 g/cm^ Preferably the 
powders have bulk densities of less than about 0.3 g/cm^ 0.1 g/cm^ or even less than about 0.05 g/cml In tiiis 
regard, it is theorized that the poforated nricrostnictures comprising pores, vdd^ hollows, defects or other 
interstitid spaces contribute to powder flow properties by reducing the surface contact area between particles and 

IS nanifrizing interpartide forces. In addition, the use of iriiosphofipids in preferred emboibnents and retention of 
fluorinated blowing agents may also contribute to improvements in the flow properties of the powders by tempering 
the charge and strength of the electrostatic forces as well as moisture content 

in addition to the aforementioned advantages, the disclosed powders exhibit favorable aerodynamic 
properties that make them particularly effective for use in DPIs. More specifically, the perforated structure 

20 and relatively Mgh surface area of the nucropartides enables them to be carried along in the flow of gases during 
inhalation with greats ease and for iorqer cfistances than relatively non-perforated partides of comparable size. 
Because of their high porosty and low density, administration of the perforated nricrostnictures with a DPI 
provides for increased particle deposition into the peripheral regions of the lung and correspondingly less 
deposition in the throat. Such particle dstribution acts to increase the deep lung deposition of the 

25 administered agent wMch is preferable for systemic administration. Moreover, in a substantial improvement 
over prior art DPI preparations the iow-density, higMy porous powders of the present invention preferably 
eDminate the need for carrier particles. Since the large lactose carrier particles will impact the throat and 
upper airways due to their size, the elimination of such partides minimizes throat deposition and any 
associated "gag" effect assodated with conventional DPIs. 

30 Along with their use in a dry powder configuration, it will be appreciated that the perforated 

microstructures of the present invention may be incorporated in a suspension medium to provide stabilized 
dispersions. Among other uses, the stabilized dispersions provide for the effective ddivery of bioactive 
agents to the pulmonary air passages of a patient using MDIs, nebulizers or liquid dose instillation ILDI 
techniques). 
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As with the DPI embodiments^ Administration of a bioactive agent using an MDl, nebulizer or LDI technique 
may be indicated for the treatment of nu'ld, moderate or severe, acute or chronic symptoms or for prophylactic 
treatment Mmover, the bioactive agent may be adnunistered to treat local or systemic condtions or cfisorcters. It 
will be appreciated that, the precise dose administered wil depend on the age and condition of the patient the 
S particular medcament used and the frequency of administrationr and wiO ultimately be at the dscretion of the 
attendant physician. When combinations of bioactive agents are employed, the dose of each component of the 
combination will generally be that employed for each component when used alone. 

Those skilled in the art will appreciate the enhanced stability of the disclosed dispersions or 
suspensions is largely achieved by lowering the van der Waals attractive forces between the suspended 

10 particles, and by reducing the differences in density between the suspension medium and the particles. In 
accordance with the teachings herein, the increases in suspension stability may be imparted by engineering 
perforated microstructures which are then dispersed in a compatible suspension medium. As discussed 
above, the perforated microstructures comprise pores, voids, hollows, defects or other interstitial spaces that 
allow the fluid suspension medium to freely permeate or perfuse the particulate boundary. Particularly 

IS preferred embodiments comprise perforated microstructures that are both hollow and porous, almost 
honeycombed or foam*iike in appearance. In especially preferred embodiments the perforated microstructures 
comprise hollow, porous spray dried microspheres. 

When the perforated microstructures are placed in the suspension medium (i.e. propellant), the 
suspension medium is able to permeate the particles, thereby creating a "homodispersion", wherein both the 

20 continuous and dispersed phases are indistinguishable. Since the defined or "virtual" particles (i.e. comprising 
the volume circumscribed by the microparticuiate matrix) are made up almost entirely of the medium in which 
they are suspended, the forces driving particle aggr^ation Iflocculation) are minimized. Adcfitionally, the 
differences in density between the defined particles and the continuous phase are minimized by having the 
microstructures filled with the medium, thereby effectively slowing particle creaming or sedimentation. As 

25 such, the perforated microspheres and stabilized suspensions of the present invention are particulariy 
compatible with many aerosolization techniques, such as MDI and nebulization. Moreover, the stabilized 
dispersions may be used in liquid dose instillation applications. 

Typical prior art suspensions (e.g. for MDIs) comprise mostly solid particles and small amounts 
(<1% w/wl of surfactant (e.g. lecithin, Span-SB, oleic acid) to increase electrostatic repulsion between 

30 particles or polymers to stericdiy decrease particle interaction. In sharp contrast, the suspensions of the 
present invention are designed not to increase repulsion between particles, but rather to decrease the 
attractive forces between particles. The principal forces driving flocculation in nonaqueous media are van der 
Waals attractive forces. As discussed above, VDW forces are quantum mechanical in origia and can be 
visualized as attractions between fluctuatirq dipoles (i.e. induced dipoleinduced dipole interactions). 

35 Dispersion forces are extremely short-range and scale as the sixth power of the distance between atoms. 
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When two macroscopic bodies approach one another the dispersion attractions between the atoms sums up. 
The resulting force is of considerably longer range, and depends on the geometry of the interacting bodies. 

More specifically, for two spherical particles, the magnitude of the VDW potential, , can be 
approximated by: y '^^sr ^1^7 where A^yis the effective Hamaker constant which 

S accounts for the nature of the particles and the medium, /f^ is the distance, between particles, and and 
are the radii of spherical particles 1 and 2. The effective Hamaker constant is proportional to the 
difference in the polarizabilities of the dispersed particles and the suspension medium: 
^ejr = (yJ^sM - -yJ^PART V ' ^^^^ ^PART Homaker constants for the suspension 

medium and the particles, respectively. As the suspended particles and the dispersion medium become similar 
10 in nature, A^^ and ^p^^ become closer in magnitude, and A^j^ and become smaller. That is, by 

reducing the differences between the Hamaker constant associated with suspension medium and the 
Hamaker constant associated with the dispersed particles, the effective Hamaker constant (and 
corresponding van der Waals attractive forces) may be reduced. 

One way to minimize the differences in the Hamaker constants is to create a "homodispersion", that 

15 is make both the continuous and dispersed phases essentially indistinguishable as discussed above. Besides 
exploiting the morphology of the particles to reduce the effective Hamaker constant, the components of the 
structural matrix (defining the perforated microstructures) will preferably be chosen so as to exhibit a 
Hamaker constant relatively close to that of the selected suspension medum. In this respect, one may use 
the actual values of the Hamaker constants of the suspension medium and the particulate components to 

20 determine the compatibility of the dispersion ingredients and provide a good indication as to the stability of 
the preparation. Alternatively, one could select relatively compatible perforated microstructure components 
and suspension mediums using characteristic physical values that coincide with measurable Hamaker 
constants but are more readily cfiscemibie. 

In this respect it has been found that the refractive index values of many compounds tend to scale 

25 with the corresponding Hamaker constant. Accordingly, easily measurable refractive index values may be 
used to provide a fairly good incfication as to which combination of suspension medium and particle excipients 
will provide a dispersion having a relatively low effective Hamaker constant and associated stability. It will 
be appreciated that since refractive indices of compounds are widely available or easily derived, the use of 
such values allows for the fonnation of stabilized dispersions in accordance with the present invention 

30 without undue experimentation. For the purpose of illustration only, the refractive indices of several 
compounds compatible with the cfisdosed dispersions are provided in Table I immediately below: 

labial 
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Compound 


Refractive index 


HFA-134a 


I.I// 


HFA-227 


1.22o 


CFC-12 


1. 28 7 


CFC-114 


1.2oo 


PFOB 


1 one 


Mannitol 


1.333 


Etnanoi 


I.OD 1 


n-octane 


1.397 


DMPC 


1.43 


Pluronic F-68 


1.43 


Sucrose 


1.538 


Hydroxyethyistarch 


1.54 


Sodium chloride 


1.544 



Consistent with the compatible dispersion components set forth above, those skilled in the art will 
appreciate that the formation of dispersions wherein the components have a refractive index cfifferential of 
less than about 0.5 is preferred. That is, the refractive index of the suspension medium will preferably be 

20 within about 0.5 of the refractive index associated with the perforated partides or microstructures. It will 
further be appreciated that the refractive index of the suspension medium and the particles may be measured 
directly or approximated using the refracthre indices of the major component in each respective phase. For 
the perforated microstructures, the major component may be determined on a weight percent basis. For the 
suspension medium, the major component will typically be derived on a volume percentage ba^s. In selected 

25 embodiments of the present invention the refractive index differential value will preferably be less than about 
0.45, about 0.4, about 0.35 or even less than about 0.3. Given that lower refractive index differentials imply 
greater dspersion stability, particularly preferred embodiments comprise index differentials of less than about 
0.28, about 0.25, about 0.2, about 0.15 or even less than about 0.1. It is submitted that a skilled artisan will 
be able to determine vyhich exdpients are particularly compatible without undue experimentation given the 

30 instant disdosure. The ultimate choice of preferred excipients will also be influenced by other factors, 
incluifing biocompatibility, regulatory status, ease of manufacture, cost 

As discussed above, the minimization of density differences between the particles and the 
continuous phase is largely dependent on the perforated and/or hollow nature of the microstructures, such 
that the suspension medium constitutes most of the particle vdume. As used herein, the term "particle 

35 volume** corresponds to the volume of suspension medium that would be displaced by the incorporated 
hollowfporous particles if they were solid, i.e. the volume defined by the particle boundary. For the purposes 
of explanation, and as discussed above, these fluid filled particulate vdunes may be referred to as "virtual 
partides." Preferably, the average volume of the bioactive agent/exdpent shell or matrix (i.e. the volume of 
mecfium actually displaced by the perforated nucrostructure) comprises less than 70% of the average partide 

40 volume (or less than 70% of the virtual partide). More preferably, the volume of the microparticuiate matrix 
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comprises less than about 50%, 40%, 30% or even 20% of the average particle volume. Even more 
preferably, the average volume of the shell/matrix comprises less than about 10%, 5%, 3% or 1% of the 
average particle volume. Those skilled in the art will appreciate that, such a matrix or shell volumes typicaily 
contributes little to the virtual particle density which is ovenA/helmingly dictated by the suspension medium 
found therein. Of course, in selected embodiments the exctrnents used to fomn the perforated microstructure 
may be chosen so the density of the resulting matrix or shell approximates the density of the surrounding 
suspension medium. 

it will further be appreciated that, the use of such microstructures will allow the apparent density 
of the virtual particles to approach that of the suspension medium substantially eliminating the attractive van 
der Waals forces. Moreover, as previously discussed, the components of the microparticulate matrix are 
preferably selected, as much as possible given other considerations, to approximate the density of suspension 
medium. Accordingly, in preferred embocfiments of the present invention, the virtual particles and the 
suspension medium will have a density differential of less than about 0.6 g/cml That is, the mean density of 
the virtual particles (as defined by the matrix boundary) will be within approximately 0.6 gW of the 
suspension medium. More preferably, the mean density of the virtual particles will be within 0.5, 0.4, 0.3 or 
0.2 g/cm^ of the selected suspension medium. In even more preferable embedments the density differential 
will be less than about 0.1, 0.05, 0.01, or even less than 0.005 g/cm^ 

In adcBtion to the aforementioned advantages, the use of hollow, porous particles allows for the 
formation of free-flowing cEspersions comprising much higher volume fractions of particles in suspension. It 
should be appreciated that the fomiulation of prior art dspersions at volume fractions approaching close- 
packing generally results in dramatic increases in dispersion viscoelastic behavior. Rheological behavior of 
ttus type is not appropriate for MOI applications. Those skilled in the art will appreciate that, the volume 
fraction of the particles may be defined as the ratio of the apparent volume of the particles (i.e. the particle 
volume) to the total volume of the system. Each system has a maximum volume fraction or packing fraction. 
For example, particles in a simple cubic arrangement reach a maximum packing fraction of 0.52 while those in 
a face centered cubic/hexagonal dose packed configuration reach a maximum packing fraction of 
approximately 0.74. For non-spherical particles or poiydisperse systems, the derived values are different. 
Accordingly, the maximum packing fraction is often considered to be an empirical parameter for a given 
system. 

Here, it was surprisingly found that the porous structures of the present invention do not exMbit 
undesiraUe viscoelastic behavior even at high volume fractions, approaching close packing. To the contrary, 
they remain as free flowing, low viscosity suspensions having little or no yield stress when compared with 
analogous suspensions comprising solid particidates. The low viscosity of the disclosed suspensions is 
thought to be due, at least in large part, to the relatively low van der Waals attraction between the fluid-filled 
hollow, porous particles. As such, in sdected embodiments the volume fraction of the disdosed dispersions is 
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greater than approximately 0.3. Other embotfiments may have packing values on the order of 0.3 to about 
0.5 or on the order of 0.5 to about 0.8, with the higher values approaching a close packing condition. 
Moreover, as particle sedimentation tends to naturally decrease when the volume fraction approaches close 
packing, the formation of relatively concentrated dispersions may further increase formulation stability. 
5 Although the methods and compositions of the present invention may be used to forni relatively 

concentrated suspensions, the stabilizing factors work equally well at much lower packing volumes and such 
dispersions are contemplated as being within the scope of the instant disclosure. In this regard, it will be 
appreciated that, dspersions comprising low volume fractions are extremely difficult to stabilize using prior 
art techniques. Conversely, dispersions incorporating perforated microstructures comprising a bioactive 
10 agent as described herein are particulariy stable even at low volume fractions. Accordingly, the present 
invention allows for stabilized dispersions, and particulariy respiratory dispersions, to be formed and used at 
volume fractions less than 0.3. In some preferred embodiments, the volume fraction is approximately 0.0001 
- 0.3, more preferably 0.001 - 0.01. Yet other preferred embodiments comprise stabilized suspensions having 
volume fractions from approximately 0.01 to approximately 0.1. 
15 The perforated microstructures of the present invention may also be used to stabilize dilute 

suspensions of micronized bioactive agents. In such embodiments the perforated microstructures may be 
added to increase the volume fraction of partides in the suspension, thereby increasing suspension stability to 
creaming or sedimentation. Further, in these embodiments the incorporated microstructures may also act in 
preventing close approach (aggregation) of the micronized drug particles. It should be appreciated that, the 
20 perforated microstructures incorporated in such embodiments do not necessarily comprise a bioactive agent. 
Rather, they may be formed exclusively of various excipients, including surfactants. 

Those skiled in the art vwD further appreciate that the stabilized suspensions or dispersions of the . 
present invention may be prepared by dispersal of the microstructures in the selected suspension medium 
which may then be placed in a container or reservoir. In tlis regard, the stabilized preparations of the present 
25 invention can be made by simply combining the components in sufficient quantity to produce the final desired 
dispersion concentration. Although the microstructures readily disperse without mechanical energy, the 
application of mechanical energy to aid in dispersion (e-g. with the aid of sonication) is contemplated, 
particulariy for the formation of stable emulsions or reverse emulsions. Alternatively, the componems may be 
mixed by simple shaking or other type of agitation. The process is preferably carried out under anhydrous 
30 condtions to obviate any adverse effects of moisture on suspension stability. Once fanned, the dispersion has 
a reduced susceptibility to flocculation and sedimemation. 

As indicated throughout the instant specification, the dispersions of the present invention are preferably 
stabSzed. In a broad sense, the tenn "stabilized dispersion* will be held to mean any dispersion that resists 
aggregation, flocculation or creaming to the extent required to provide for the effective delivery of a bioactive agent 
3 5 WMIe those skilled in the art mi appredate that there are several methods that may be used to assess the stabiity 
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of a given (fispersioa a preferred method for the purposes of the present invention comprises detemiination of 
creaming or sedimentation time using a dynamic photosedimentation method. As seen in Example IX and Hgure 2, a 
preferred method comprises subjecting suspended particles to a centrifugal force and measuring absorbance of 
the suspension as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
5 stability, it is submitted that those skilled in the art will be able to adapt the procedure to specific 
suspensions without undue experimentation. 

For the purposes of the presem invention the creaming time stell be ctefined as the time for the suspen(fed 
drug particulates to cream to 1/2 the volume of the suspension medium. SimBariy, the secBmentation time may be 
defined as the time it takes for the particulates to secfiment in 1/2 the vdume of the iiqud mediumu Besides the 

10 photosedimentation technique described above; a relatively sonple way to determine the creaming time of a 
preparation is to provide the particulate suspension in a sealed glass vial. The vials are a^tated or shaken to provide 
relatively homogeneous dspersions which are then set aside and observed using appropriate instrumentation or by 
visual inspection. The tnne necessary for the suspended particdates to cream to 1/2 the volume of the suspension 
medium (i.e., to rise to the top half of the suspension medium), or to sediment witiiin 1/2 the volume fue., to settie in 

15 the bottom 1/2 of the medium), is then noted. Suspension fonnuiations having a creaning time greater than 1 minute 
are preferred and indicate suitable stabflity. Mm preferably, the staUBzed dispersions comprise creaming times of 
greater than 1, Z, 5, 10, 15, 20 or 30 nwiutes. In particdariy preferred embodiments, the staUBzed dspersions 
exhibit creaming times of greater than about 1, 1.5, 2, 2.5, or 3 hoiffs. SubstantiaBy equradent periods for 
sedimottation times are indicative of compatible dispersions. 

20 As discussed herein, the stabilized dispersions disclosed herein may preferably be aibninistered to the nasal 

or pulmonary air passages of a patioit via aerosdization, such as with a metered dose inhaler. The use of such 
stabBized preparations provides for supoior dose reprodudbflity and improved lung deposition as described above. 
MDls are wel known in the art and could easily be employed for administration of the daimed dispersions without 
undue experimentation. Breath activated MDls, as wdl as those comprising other types of improvements whbh 

25 have beerv or wifl be, devdoped are also compatible with the stabilized dispersions and present invention anel as 
such, are cimtempiated as bang with in the scope thereof. However, it shodd be emphasized that in preferred 
embodiments, the staUfized dspersions may be administered with an MDI using a number of dfferent routes 
indudng, but not finnted to, to|Hcd, nasd, pdmonary or oral Those skied in the art wiB appredate that, such routes 
are weH known and that the dosing and adminstration procedures may be easDy imtei for the staUBzed dspersions 

30 of the presem invention. 

MDI cadst^s generaHy comprise a contaner or reservdr capable of withstanding the vapor pressure of 
the propdiant used such as, a plastic or piastre-coated glass bottie, or preferably, a metd can or, for example, an 
duminum can which may optionally be anodzed, lacquer-coated and/or plastR:-coated, wherdn the contdner is 
dosed with a metering valve. The metering vdves are designed to ddiver a metered amount of the fomndation per 

35 actuation. The vdves incorporate a gasket to prevent leakage of propdiant through the vdve. The gasket may 

-38. 

3NSDOCID: <WO_9916419A1_IA> 



wo 99/16419 



PCTAJS98/20602 



comprise any suitable elastomeric material such as, for example, low density pdyethyiene, chlorobutyl, black and 
white butatfiene-acryionitriie rubbers, butyl rubber and neoprene. Suitable valves are commerciaBy available from 
manufacturers well known in tte aerosol industry, for example, from Valois, France (e.g. DFIO, DF30, DP 31/50 ACT, 
□F60), Bespak pic, LTK (e.g. BKSOa BK356) and 3M-Neotechnic Ltd., LIK (e.g. Spraymiser). 
5 Each filled canister is conveniently fitted into a siitable channeling device or actuator prior to use to form a 

metered dose inhaler for administration of the medicament into the lungs or nasal cavity of a patient. Suitable 
channeling devices comprise for example a valve actuator and a cylindrical or cone-like passage through which 
medicament may be delivered from the filled canister via the metering valve, to the nose or mouth of a patient e.g., a 
mouthpiece actuator. Metered dose inhalers are designed to ddiver a fixed unit dosage of medcament per actuation 

1 0 such as, for example, in the range of 10 to 5000 micrograms of bioactive agent per actuation. Typically, a single 
charged carister will provide for tens or even hundreds of shots or doses. 

With respect to MDIs, it is an advantage of the present invention that any biocompatible suspension 
medium having aifequate vapor pressure to act as a propeilant may be used. Particulariy preferred suspension mecfia 
are compatible with use in a metered dose inhaler. That is, they wiB be able to form aerosols upon the activation of 

1 5 the metering valve and associated release of pressure. In general, the selected suspension medium should be 
biocompatible (ue. relatively non-toxic) and non-reactive with respect to the suspended perforated microstructures 
comprising the tnoactive agent. Preferably, the suspension medum will not act as a substantial solvent for any 
components incorporated in the perforated microspheres. Selected embodments of the invention comprise 
suspension media selected from the group consisting of fluorocarbons (including those substituted yvith other 

20 halogens), hydrofluoroalkanes, perfluorocarbons, hydrocarbon;, alcohds, ethers or combinations thereof. It will be 
appreciated that, the suspension medium may comprise a mixture of various compounds selected to impart specific 
characteristics. 

Particiiarly suitable propellents for use in the MDl suspension mediums of the present invention are those 
propeflant gases that can be liquefied uncfer pressure at room temperature and, upon inhalation or topical use, are 

25 safe, toxicolo^caOy innocuous and free of side effects. In this regard compatible propellents may comprise any 
hydrocarbon, fluorocarbon, hydrogen-containing fluorocarbon or mixtures thereof having a sufficient vapor 
pressure to efficiently fonn aerosols upon activation of a metered dose inhaler. Those propellents typically 
termed hydrofluoroalkanes or HFAs are especially compatible. Suitable propeilants include, for example, short 
chain hydrocarbons, hydrogen-containing chiorofluorocarbons such as CH2CIF, CCI2F2CHCIF, CFaCHCIF, 

30 CHF2CCIF2, CHCiFCHF2, CF3CH2CI, and CCIF2CH3; hydrogen-containing fluorocarbons (e.g. HFAs) such as 
CHF2CHF2, CFaCHjF, CHF2CH3, and CF3CHFCF3; and perfluorocarbons such as CFaCF, and CF3CF2CF3. 
Preferably, a single perfluorocarbon or hydrogen-containing fluorocarbon is employed as the propeilant. 
Particularly preferred as propeilants are 1,1,1,2-tetrailuoroethane iCF3CH2H IHFA-134a) and 1,1,1,2,3,3,3- 
heptafluoro-n-propane (CF3CHFCF3) (HFA-227), perfluoroethane, monocHorodifluorometiiane, 1,1-difhioroethane, 

35 and comUnations thereof. It is desirable that the fonnulations contain no components that deplete 
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stratospheric ozone. In particular it is desirable that the formulations are substantially free of 
chlorofluorocarbons such as ZCl^f, CCI2F2, and CFsCCIa. 

Specific fluorocarbons, or classes of fluorinated compounds, that are usefd in the suspension meda 
include, but are not limited to, fiuoroheptane, fluorocydoheptane, fiuoromethyicycloheptane, fluorohexane, 
S fiuorocyclohexane, fiuoropentane, fiuorocydopentanar fluoromethyicydopentane, fiuorodmethylcyciopentanes, 
fluoromethylcydobutane, fiuorocfimethylcydobutane, fiuorotrimethylcydobutane, fluorobutane, fluorocydobutane, 
fluoropropane, fluoroethers, fluoropdyethers and fluorotriethylamines. It will be appredated that these compounds 
may be used done or in combination with more volatile propdlants. It is a distinct advantage that such compounds 
are generally environmentally sound and bidogicdiy non-reactive. 

10 In adcfition to the aforementioned fluorocarbons and hydrofiuorodkanes, various 

cMorofluorocarbons and substituted fluorinated compounds may also be used as suspendon mediums in 
accordance with the teachings herein. In this respect, FC-11 (CCL3a FC HB1 (CBrCI2F), FC'1162 
(CBr2CIFK FC12B2 (CF2Br2), FC21 (CHCI2F), FC21B1 ICHBrCIFK FC-21B2 ICHBr2F), FC-31B1 (CH2BrFL 
FC113A (CCI3CF3), FC-122 (CCIF2CHCI2I, FC-123 ICF3CHCI2), FC-132 (CHCIFCHCIH, FC-133 (CHCIFCHF2), 

15 FC'141 (CH2CICHCia FC-141B (CCI2FCH3), FC-142 (CHF2CK2CI), FC-151 ICH2FCH2CI), FC-152 
(CH2FCH2R, FC-1112 (CCfF-CCia FC H21 ICHCI-CFCI) and FC n31 (CHCI-CHF( are all compatible with 
the teachings harem despite possible attendant environmental concerns. As such, each of these compounds 
may be used, done or in combination with other compounds (i.e. less vdatile fluorocarbons) to form the 
stabilized respiratory dispersions of the present invention. 

20 Along with the aforementioned embodiments, the stabilized disperdons of the present invention may 

also be used in conjunction with nebulizers to provide an aerosolized medicament that may be administered to 
the pulmonary dr passages of a patient in need thereof. Nebulizers are weD known in the art and codd easily be 
employed for adnrinstration of the ddmed disperdons without undue experimentation. Breath activated nebulizers, 
as well as those compridng other types of improvements which have been, or wiD be, developed are dso compatiUe 

25 vrith the stabifized disperdons and present inventiim and are contemplated as bdng with in the scope thereof. 

Nebdizers work by forming aerosols^ that is converting a bdk liqdd into smafl droplets suspended in a 
breathable gas. Herer the aerosdized medcament to be adminstered (preferably to the pulmonary dr passages) will 
comprise smaD droplets of suspendon medium assodated with perforated microstructures compridng a bioactive 
agent In such embodiments, the staldized cfisperdons of the present invention wil typicdiy be placed in a Add 

30 reservdr operaUy assodated with a nebulizer. The spedfic vdumes of preparation prodded, means of filling the 
reservdr, etc wil largdy be dependent on the sdection of the indviikjd nebulizer and is well within the purview of 
the ddUed artisan. Of course, the present invention is entirely compatible with dngle-dose nebulizers and mdtipie 
dose nebuBzers. 

Traditiond prior art nebulizer preparations typicdiy comprise aqueous solutions of the selected 
3 5 phannaceuticd compound. With such prior art nebulizer preparations, it has long been established tiiat conuption of 
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the incorporated therapeutic compound can severely reduce efficacy. For examine, with conventional aqueous multi- 
dose nebulizer preparations, bacterial contamination is a constant proUem. in adtfition, the solubiGzed mecficament 
may precipitate out or degrade over time, adversely affecting the ddivery profile. This is particuiariy true of larger, 
more labile Copolymers such as enzymes or other types of proteins. Precipitation of the incorporated bioactive agent 
5 may lead to partide growth that results in a substantial reduction in lung penetration and a corresponding decrease in 
bioavailaUHty. Such dosing incongniities markedly decrease the effectiveness of any treatment 

The present invention overcomes these and other difficulties by providing stabilized dispersions with 
a suspension mecfium that preferably comprises a fiuorinated compound li.e. a fluorochemical, fluorocarbon or 
perfluorocarbonl. Particuiariy prefen^d embodnnents of the present invention comprise fluorochemicals that are 

1 0 liquid at room temperature. As indicated above, the use of such compounds, whether as a continuous phase or, as 
a suspension medium, provides several advantages over prior art liquid inhalation preparations. In tNs regard, it is 
well established that many fluorochemicals have a proven history of safety and biocompatiUSty in the lung. Further, 
in contrast to aqueous solutions, fluorochemicals do not negativdy impact gas exchange following pulmonary 
administratioa To the contrary, they may actually be able to improve gas exchange and, due to their unique 

IS wettability characteristic^ are able to carry an aerosoBzed stream of particles cteeper into the lung, thereby 
improving systemic cblivery of the desired pharmaceutical compound. In addition, the relatively non-reactive nature 
of fluorochemicals acts to retard any degradation of an incorporated bioactive agent. Finally, many fiuorochemicais 
are also bacteriostatic thereby decreasing the potential for microbial growth in compatible nebuBzer devices. 

In any event nebuBzer mediated aerosolization typcally requires an input of energy in order to produce the 

20 increased surface area of the droplets and, in some cases, to provide transportation of the atomized or aerosofized 
mecicament One common mode of aerosoBzation is forcing a stream of ftiid to be ejected from a nozzle, whereby ^ 
droplets are formed. With respect to nebuBzed administration, additional energy is usuaBy imparted to provide -j 
droplets that will be suffidentiy smaH to be transported cfeep into the lungs. Thus, additional energy is needed, such 
as that provided by a high vdodty gas stream or a piezodectric crystal. Two popular types of nebulizers, jet 

25 nebdizers and dtrasonc nebuBzers, rdy on the aforementioned methods of applying additiond energy to the fluid 
during atomization. 

In terms of pdmonary ddivery of bioactive agents to the systemic dradation via nebdization, recent 
research has focused on the use of portable hand-hdd dtrasonic nebuBzers, dso referred to as metered sdutions. 
These devices, generaUy known as single-bdus nebulizers, aerasofize a angle bolus of medication in an aqueous 

3 0 solution with a partide dze effknent for deep lung ddhrery in one or two breaths. These devices M into diree broad 
categories. The first category comprises pure piezodectric dngle-bdus nebdizers such as those described by 
Mutteridn, et. ai., (J. Aerosd Med. 1988; 1:231). In another category, the desired aerosd doud may be generated 
by microchannd extrusion single-bdus nebdizers such as those described in U.S. Pat No. 3,812^854. Rnally, a third 
category comprises devices exemplified by Robertson, et. d., |W0 92/11050) which describes cydk: pressurization 

35 single-bdus nebuBzers. Each of the aforementioned references is incorporated herein in thdr entirety. Most devices 
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are manuaOy actuated, but some devices exist which are breath actuated. Breath actuated demes work by 
releasing aerosol when the device senses the patient inhaling through a circuit. Breath actuated nebulizers may also 
be placed inline on a ventilatar drciit to release aerosol into the air flow which comprises the inspiration gases for a 
patient. 

S Regardless of which type of nebdizer is employed it is an advantage of the present invention that 

luocompatible nonaqueous compounds may be used as suspension mediums. Preferably, they will be able to f omi 
aerosols upon the appfeation of energy thereto. In general, the selected suspension medium should be biocompatible 
O-e. relatively non-toxic) and non-reacthre with respect to the suspended perforated microstnictures comprising the 
bioactive agent Preferred embodiments compiise suspension media selected from the group consisting of 

10 fluorochenncals, fluorocarbtms pnduding those substituted with other halogens), perfiuorocarbon$, 
fluorocarbon/hydrocarbon dUocks, hydrocarbons, alcohois, eth^s, or combinations thereof. It will be apprmated 
that the suspension medum may comprise a mixture of various compounds selected to impart specific 
characteristics. It will also be appreciated that the perforated microstructures are preferably insduUe in the 
suspension medium, thereby providing for stabiBzed medicament particles, and effectively protecting a selected 

1 S bioactive agent from degradatioa es might occur during prolonged storage in an aqueous solution. In preferred 
embodments, the selected suspension medium b bacteriostatic. The suspension formulation also protects the 
bioactive agent from degradation during the nebuBzation process. 

As indcated above, the suspension media may comprise any one of a number of dfferent compounds 
indudng hydrocarbons, fluorocarbons or hydrocarbon/fluorocarbon dUrcks. In general the contemplated 

20 hydrocarbons or highly fluorinated or perfiuorinated compounds may be linear, branched or cydic, saturated or 
unsaturated compounds. Conventional structural derivatives of these fiuorochemicals and hydrocarbons are also 
contemplated as being vuitiun the scope of the present invention as well. Selected embedments compriang these 
totally or partiafly fluorinated compounds may contain one or more hetero-atons and/or atoms of bronane or chlorine. 
Preferably, these fiuorochemicals comprise from 2 to 16 carbon atoms and indude, but are not Kmited to, linear, 

25 cycRc or pdycycBc perfiuoroalkanes, bis(perfiuoroalkyl)alkenes, perfluoroethers, perfluoroamines, perfluoroalkyl 
bromides and perfluoroalkyl chlorides such as dcMorooctane. Particulariy preferred fluorinated compounds for use in 
the suspension medum may comprise perfluorooctyl bromide CeF,7Br (PFOB or perflubron), dcMorofiuorooctane 
CgFieClz, and the hydrofluoroalkane perfluorooctyl ethane C^f^jCj^^ (PFOE). With respect to other embodments, the 
use of perfluorohexane or perfluoropentane as the suspension medum is espedally pref enred. 

30 More generally, exemplary fluorochemicais which are contemplated for use in the present invention 

generally indude hdogenated fluorochemicais 6.0. CJr^^^X, where n - 2-10, X - Br, CI or I) and, in 

particular, 1-bromo*F-butane n-CfFgBr, I bromo-F-hexane (nCgFoBr), Vbromo-F-heptane (n-CyFisBr), 1,4-dbromo-F- 
butane and 1,6-dbromo-F-hexene. Other useful brominated fluorochemicais are dsdosed in US Patent No. 
3,975,512 to Long and are irK:orporated herein by reference. Spedfic fluorochemicais having chloride substituents. 



-42- 



3NSCXDCID: <WO_9916419A1 JA> 



wo 99/16419 



PCT/US98/20602 



such as perfluoraoctyi cHoride (n-CeFnCt), 1,8 dicNoro-F-octBne In-CICeFtgCI), 1,6-dicWoro-F-hexane (n-CICsFizCI), and 
1, A-dichtoro-F-butane (n'CiC4FeCI) are also preferred. 

Fluorocarbons, fiuorocarbon-hydrocarfaon compounds and haiogenated fluorochemicals containing other 
linkage groups, such as esters, thioethers and amines are also suitable for use as suspension metia in the present 
5 invention. For instance, compounds having the general fomiuia, C„F2„*iOC„F2„,*„ or C„F2„*fCH-CHC„F2„.i, (as for 
exanple C4F9CH-CHC4F9 <F44EK i-CaFgCH-CHCeFu IF-i36a and CgFjaCH-CHCeFn IF-66E)) where n and m are the 
same or different and n and m are integers from about 2 to about 12 are compatible with teachings herein. Useful 
fluorochemical-hydrocarbon cfiblock and triUock compounds include those with the general formulas CnFjn.rCmH^^i 
and C„F2«*,C„H2^„ where n - m - 216 or CpH2p.rC„F2,-C^H2..u where p - MZ m - M2 and n - 2-12. 

10 Preferred compounds of this type include CeFnCzHg. CeFtaCtoHji. CeFiyCeH,?. CgFiaCH-CHCeHia and 
CeF,7CH-CHC,oH2,. Substituted ethers or pdyethers (i.e. XC/znOCJjmX, XCFOCnFznOCFzX, where n and m - 14, X 
- Br, CI or U and fluorochemical-hydrocarbon ether diblocks or triUocks (i.e. CJF^t^^rO Cm^^u where n - 2-10; m - 
M6 or CpH2p*rOC„F2„ O C„H2n.*i. where p - 2-12, m - M2 and n - 212) may dso used as wdl as C„F2„.,0- 
C„F2,„0CpH2p*i, wherein a m and p are frwn 1-12. Furthermore, depending on the appBcation, perfluoroalkylated 

1 S ethers or polyethers may be compatible with the claimed disp^sions. 

Polycydic and cyclic fluorochemicals, such as CioF,e (F-decaBn or perfiuorodecaGn), 
perfluoroperhydrophenanthrene, perfluorotetramethykydohexane (AP*144) and perfluoro n-butyldecalin are also 
within the scope of the invention. Additional useful fluorochemicals include perfluorinated amines, such as F-^ 
tripropylamine ("FTPA") and F-tributylamine rFTBAH. F4-methyloctahydroquinonane ("FMOQl, F-N-methyl- 

20 decahydroisoquinoline ("FMIQl, F N-methyWccahydroquindine ("FHQl, F N-cydrfiexylpyn'olidine ("FCHP") and F-2- 
butyltetrahydrofuran ("FC-75"or "FC-771. StBI other useful fluorinated compounds include perfluorophenanthrcne, 
perfiuoromethyldecalin, perfluorodimethylethylcyciohexane, perfiuorodimethyidecaiin, perfiuorodethyldecalin, . 
perfluoromethyladamantane, perfkiorodimethyladamamane. Other contemplated fluorochemicals having nonfluorine 
substituents, such as, perfiuorooctyl hydrider and similar compounds having different numbers of carbon atoms are 

25 also useful Those skilled in the art will further ap^ate that other variously modified fluorochemicals are 
encompassed within the broad definition of fluorochemical as used in the instant appGcation and suitable for use in 
the present invention. As such, each of the foregoing compounds may be used, alone or in combination with other 
compounds to forni the stabilized dispersions of the present invention. 

Specific fluoracarbons, or dasses of fluorinated compounds, that may be useful as suspension media 

30 indude, but are not limited to, fluoroheptane, fluorocydoheptane fluoromethylcydoheptaner fluorohexane, 
fluorocydohexane, fluoropentane, fluornydopentane, fluoromethylcydopentane, fluorodmethylcydopentanes, 
fluoromethylcydobutane, fiuorodimethylcydobutane. fiuorotrimethyhrydobutane, fluorobutane, fluorocydobutane, 
fluoropropane, fluoroethers, fluoropdyethers and fluorottiethylamines. Such compounds are generally 
environmentally sound and are biolo^caBy non-reactive. . 
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WMle any fluid compound capable of producing an aerosol upon the application of energy may be used in 
conjunction with the present invention, the selected suspension medium will preferably have a vapor pressure less 
than about 5 atmospheres and more preferably less than about 2 atmospheres. Unless otherwise specified, all vapor 
pressures recited herein are measured at 25''C. In other embociments, preferred suspension meda compounds will 
5 have vapor pressures on the order of about 5 torr to about 760 torr, v\flth more preferable compounds having vapor 
pressures on the order of from about 8 torr to about 600 torr, while still more preferable compounds will have vapor 
pressures on the order of from about 10 torr to about 350 torr. Such suspension media may be used in conjunction 
with compressed air nebtiizers, ultrasorac nebulizers or with mechanical atomizers to provide effective ventilation 
therapy. Moreover, more volatile compounds may be mixed with lower vapor pressure components to provide 
10 suspenson media having specified physical characteristics sdected to further improve stabiity or enhance the 
bioavailability of the dispersed Uoactive agent. 

Other embodiments of the present invention directed to nebidzers will comprise suspension media that boil 
at selected temperatures under ambient condtions fi^. 1 atm). For example, prefen^ed embodiments will comprise 
suspension media compounds that bdi above O^C, above 5°C, above 10*^0, above 15°, or above 20°C. In other 
1 S embodiments, the suspension media compound may boil at or above 25°C or at or above 30^C. In yet other 
embodiments, the selected suspension media compound may bdl at or above human body temperature (i.e. 37*^0, 
above AS^'C, 55^*0, eS^'C, 75<>C, BS'^C or above 100*>C. 

Along with MDIs and nebulizers, it will be appredated that the stabSized (fispersions of the present 
invention may be used in conjunction with liquid dose instillation or LDI techreques. Liqdd dose instillation invdves 
20 the drect administration of a stabSized dispersion to the lung. In this regard, drect pulmonary adninistration of 
bioactive compounds is particularly effective in the treatment of dsorders espeddly where poor vascular drcdation 
of diseased portions of a lung reduces the effectiveness of intravenous drug delivery. With respect to LDI the 
stabOized dispersions are preferably used in conjunction with partial liquid ventilation or total liqdd ventilation. 
Moreover, the present invention may further comprise introducing a therapeutically benefidal amount of a 
25 phydologicaily acceptalde gas (such as nitric oxide or oxygen) into the phannaceuticd microdspersion prior to, during 
orfollowitq administration. 

For LDI, the dispersions of the present invention may be administered to the lung using a pulmonary 
delivery conduit. Those skilled in the art will appredate the terni "pulmonary ddivery conduit", as used herein, 
shall be construed in a broad sense to comprise any device or apparatus, or component thereof, that provides 
30 for the instillation or administration of a liquid in the lungs. In this respect a pulmonary delivery conduit or 
delivery conduit shall be held to mean any bore, lumen, catheter, tube, conduit, syringe, actuator, mouthpiece, 
endotracheal tube or bronchoscope that provides for the administration or instillation of the disclosed 
dispersions to at least a portion of the pulmonary air passages of a patient in need thereof. It will be 
appredated that the ddivery conduit may or may not be associated with a liquid ventilator or gas ventilator. 
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In particularly preferred embodiments the deiivefv conduit shall comprise an endotracheal tube or 
bronchoscope. 

Here it must be emphasized that the dispersions of the present invention may be administered to 
ventilated (e.g. those connected to a mechanicai ventilator) or nonventilated, patients (e.g. those undergoing 

5 spontaneous respiration). Accordingly, in preferred embodiments the methods and systems of the present 
invention may comprise the use or inclusion of a mechanical ventilator. Further, the stabilized dispersions of 
the present invention may also be used as a lavage agent to remove debris in the lung, or for diagnostic lavage 
procedures. In any case the introduction of Gquids, particularly fluorochemicals, into the lungs of a patient is 
well known and could be accomplished by a skilled artisan in possession of the instant specification without 

1 0 undue experimentation. 

Those skilled in the art will appreciate that suspension media compatible with LOI techniques are 
similar to those set forth above for use in conjunction with nebulizers. Accordingly, for the purposes of the 
present application suspension media for cfis|»rsions compatible with LDI shdl be equivalent to those 
enumerated above in conjunction with use in nebulizers. In any event, it will be appreciated that in 

15 particutariy preferred LDI embodiments the selected suspension medium shall comprise a fluorochemical that 
is liquid under ambient conditions. 

It will be understood that, in connection with the present invention, the disclosed dispersions are 
preferably administered directly to at least a portion of the pulmonary air passages of a mammal. As used 
herein, the terms "direct instillation" or "direct administration" shall be held to mean the introduction of a 

20 stabilized dispersion into the lung cavity of a mammal. That is, the dispersion will preferably be administered 
through the trachea of a patient and into the lungs as a relatively free flowing liquid passing through a 
delivery conduit and into the pulmonary air passages. In this regard, the flow of the dispersion may be gravity 
assisted or may be afforded by induced pressure such as through a pump or the compression of a syringe 
plunger. In any case, the amount of dispersion administered may be monitored by mechanical devices such as 

25 flow meters or by visual inspection. 

WNIe the stabilized dispersions may be administered up to the functional residual capacity of the lungs of a 
patient, it will be appreciated that selected embodiments will comprise the pulmonary administration of much smaller 
voiunes (e.g. on the order of a milliliter or less). For example, depencSng on the disorder to be treated^ the volume 
administered may be on the order of 1, 3, 5, 10, 20, 50, 100, 200 or 500 miUiiters. In preferred embodiments the 

30 liquid volume is less than 0.25 or 0.5 percent PRC. For particularly preferred embodiments, the liquid volume 
is 0.1 percent FRC or less. With respect to the administration of relatively low volumes of stabDized 
dispersions it will be appreciated that the wettability and spreading characteristics of the suspension media 
(particularly fluorochemicals) will facilitate the even distribution of the bioactive agent in the lung. However, 
in other embodiments it may be preferable to administer the suspensions a volumes of greater than 0.5, 0.75 

35 or 0.9 percent FRC. In any event, LDI treatment as disclosed herein represents a new altemative for critically 

-45- 

INSDOCID: <WO_99ie4l9A1JA> 



wo 99/16419 



PCT/US98/20602 



ill patients on mechanical ventilators, and opens the door for treatment of less ill patients with bronchoscopic 
administration. 

It win also be understood that other components can be included in the stabilized dispersions of the present 
invention. For example, osmotic agents, stabilizers, chelators, buffers, viscosity modulators, salts, and sugars can be 

S added to fine tune the stabiized dispersions for maximum Gfe and ease of aibninistration. Such components may be 
added directly to the suspension medium or associated with, or incorporated in, the perforated microstructures. 
Considerations such as steri&ty, isotoridty, and biocompatibiiity may govern the use of conventional additives to the 
disclosed compositions. The use of such agents w3l be understood to those of ordinary skiD in the art and, the 
specific quantities, ratios, and types of agents can be determined empirically without undue experimentatiohl 

10 Moreover, while the stabilized dispersions of tte presem invention are particularly suitable for the 

pulmonary administration of bioartive agents, they may also be used for the localized or systemic administration of 
compounds to any location of the body. Accordingly, it should be emphasized that in preferred embodiments, the 
formulations may be administered using a number of different routes including, but not Smited to, the gastrointestinal 
tract, the respiratory tract, topicafly, intramuscularly, intraperitonealiy, nasally, vaginally, rectaily, aurally, orally or 

1 5 ocular. More generaHy, the stabilized dispersions of tte present invention may be used to deliver agents topically or 
by administration to a non-pulmonary body cavity. In preferred embodiments the body cavity is selected from the 
group consisting of the peritoneum, sinus cavity, rectum, urethra, gastrointestinal tract nasal cavity, vagina, 
auditory meatus, oral cavity, buccal pouch and pleura. Among other incication$, stabilized dispersions comprising the 
appropriate bioactive agent (e.g. an antibiotic or an anti-inflammatory), may be used to treat infections of the eyev 

20 sinuatis, infections of the auditory tract and even inf^ons or disorders of the gastrointestinal tract. With respect 
to the latter, the dispersions of the present invention may be used to selectively deliver phannaceuticai compounds to 
the firing of the stomach for the treatment of H, /7>/ar/ infections or other ulcer related disorders. 

With regard to the perforated microstructure powders and stabSized dspersions ifisclosed herein those 
skffled in the art will appreciate that they may be advantageously supplied to the physidan or other health care 

25 profesaonal, in a sterile, prepackaged or kit fonn. More particularly, the formulations may be supplied as 
stable powders or preformed dispersions ready for administration to the patient. Conversely, they may be 
provided as separate, ready to mbc components. When provided in a ready to use form, the powders or 
dispersions may be packaged in single use containers or reservoirs, as well as in multi-use contuners or 
reservoirs. In dther case, the container or reservoir may be assodated with the selected inhalation or 

30 administration device and used as described herein. When provided as individual components (e.g^ as 
powdered microspheres and as neat suspension medium) the staUlized preparations may then be formed at 
any time prior to use by simply combining the contents of the containers as directed. Additionally, such kits 
may contain a number of ready to mix, or prepackaged dosing units so that the user can then administer them 
as needed. 
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Although preferred embodnnents of the present invention comprise powders and stabilized dispersions for 
use in phannaceutical apfJications, it wfll be appreciated that the perforated microstmctures and cfisdosed 
dispersions may be used for a number of non phannaceutical applications. That is, the present invention provides 
perforated microstructures which have a broad range of applications where a powder is suspended and/or 
5 aerosolized. In particular, the present invention is especially effective where an active or bioactive ingredient 
must be dissolved, suspended or solubilized as fast as possible. By increasing the surface area of the porous 
micropartides or by incorporation with suitable excipients as described herein, will result in an improvement in 
dispersibility, and/or suspension stability. In this regard, rapid dispersement applications include, but are not 
limited to: detergents, dishwasher detergents, food sweeteners, concfiments, spices, mineral flotation 

10 detergents, thickening agents, foliar fertilizers, phytohormones, insect pheromones, insect repellents, pet 
repellents, pesticides, fungicides, disinfectants, perfumes, deodorants, etc. 

Applications that require finely divided particles in a non-aqueous suspension mecfia (i.e., solid , liquid 
or gaseous) are also contemplated as being within tiie scope of the present invention. As explained herein, 
the use of perforated microstructures to provide a "homodispersion" minimizes particle-particle interactions. 

IS As such, the perforated microspheres and stabilized suspensions of the present invention are particularly 
compatible with applications that require: inorganic pigments, dyes, inks, paints, explosives, pyrotechnic, 
adsorbents, absorbents, catalyst, nucleating agents, polymers, resins, insulators, ffllers, etc. The present 
invention offers benefits over prior art preparations for use in applications which require aerosolization or ^ 
atomization. In such non pharmaceutical uses the preparations can be in the form of a liquid suspension (such 

20 as with a propellant) or as a dry powder. Preferred embodiments comprising perforated microstructures as ^ 
described herein include, but are not limited to, ink jet printing formulations, powder coating, spray paint, 
spray pesticides etc. 

The foregoing description will be more fully understood with reference to the following Examples. Such 
Examples, are, however, merely representative of preferred methods of practicing the present invention and should 
25 not be read as limiting the scope of the invention. 

I 

Preparation of Hollow Porous Particles of Gentamidn Sulfate hv Sorav-Drvina 

40 to 60ml of the following solutions were prepared for spray drying: 

30 50% wfw hydrogenated phosphatidylchoiine, E-100-3 

(Lipoid KG, Ludwigshafen, Germany) 
50% w/w gentamicin sulfate (Amresco, Solon, OH) 
Perfluorooctylbromide, Perflubron (NMK, Japan) 
Deionized water 

35 ' . 

Perforated microstructures comprising gentamicin sulfate were prepared by a spray ..drying 

technique using a B-191 Mini Spray Drier (Buchi, Rawil, Switzeriand) under the following conditions: 
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aspiration: 100%, inlet temperature: 85^C; outlet temperature: 61 'C; feed pump: 10%; N2 flow: 2,800 Uhr. 
Variations in powder porosity were examined as a function of the blowing agent concentration. 

Fluorocarbon-in-water emulsions of perfiuorooctyl bromide containing a 1:1 w/w ratio of 
phosphatidylcholine {PC), and gentamictn sulfate were prepared varying only the PFC/PC ratio. 1.3 grams of 
S hydrogenated egg phosphatidylcholine was dispersed in 25 mL deionized water using an Ultra Turrax mixer 
(model T-25) at 8000 rpm for 2 to 5 minutes (T - 60-70*»C). A range from 0 to 40 grams of perflubron was 
added dropwise during mixing (T - BOJO^'C). After addtion was complete, the fluorocarbon in-water emulsion was 
iTuxed for an additional period of not less than 4 nunutes. The resulting coarse emissions were then homogenized 
under high pressure with an Avestin (Ottawa, Canada) homo^razer at 15,000 psi for 5 passes. Gentamidn sulfate 
10 was dissolved in approximately 4 to 5 ml draonized water and subsequoitly mixed with the perflubron emuiaon 
immediately prior to the spray dry process. The gemamidn powders were then obtained by spray drying u^ng 
the conditions described above. A free flowing pale yellow powder was obtained for all perflubron containing 
formulations. The yield for each of the various fomiulations ranged from 35% to 60%. 

15 li 

Moroholoov of Gentamicin Sulfate SDrav-Dried Powders 
A strong dependence of the powder morphology, degree of porosity, and production yidd was observed as 
a function of the PFCfPC ratio by scanning electron microscopy (SEM). A series of six SEM nucrographs 
illustrating these observations, labeled 1A1 to 1F1, are shown in the left hand column of fig. 1. As seen in 

20 these micrographs, the porosity and surface roughness was found to be highly dependent on the 
concentration of the blowing agent, where the surface roughness, number and size of the pores increased 
with increasing PFC/PC ratios. For example, the fonnulation devoid of perfiuorooctyl bromide produced 
microstructures that appeared to be highly agglomerated and readily adhered to the surface of the glass vial. 
Similarly, smooth, spherically shaped microparticles were obtained when relatively little (PFC/PC ratio - 1.1 

25 or 2.2) blowing agent was used. As the PFC/PC ratio was increased the porosity and surface roughness 
increased dramatically. 

As shown in the right hand column of Fig. 1, the hollow nature of the microstructures was also 
enhanced by the incorporation of additional blowing agent. More particulariy, the series of six micrographs 
labeled 1A2 to 1F2 show cross sections of fractured microstructures as reveded by transmission electron 

30 microscopy (TEM). Each of these images was produced using tim same microstructure preparation as was used to 
produce the corresponcfing SEM micrograph in the left hand column. Both the hollow nature and wall thickness of 
the resulting perforated microstructures appeared to be largely dependent on the concentration of the 
selected blowing agent. That is, the hollow nature of the preparation appeared to increase and the thickness 
of the particle waDs appeared to decrease as the PFC/PC ratio increased. As may be seen in Figs. 1 A2 to 1C2 

35 substantially solid structures were obtained from formulations containing little or no fluorocarbon blowing 
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agent. Conversely, the perforated microstructures produced using a relatively high PFC /PC ratio of 
approximately 45 (shown in Fig. 1 F2 proved to be extremely hollow with a relatively thin waD ranging from 
about 43.5 to 261nm. Both types of particles are compatible for use in the present invention. 

5 III 

Preparation of Sprav Dried Gentamicin 

Sulfate Particles using Various BlowinQ Agents 

40 milliliters of the following solutions were prepared for spray drying: 

50% wjw Hydrogenated Phosphatidylcholine, E100 3 
1 0 (Lipoid KG, Ludwigshafen, Germany) 

50% w/w Gentamicin Sulfate (Amresco, Solon Ohio) 
Deionized water. 

Blowing Aoents: 

I S Perfluorodecalin, FDC (Air products, Attenton PA) 

Perfluorooctylbromide, Perflubron (Atochem, Paris, France) 

Perfiuorhexane, PFH I3M, St. Paul, MM) 

1,1,2 trichiorotrifiuoroethane, Freon 113 {Baxter, McGaw Park, IL) 

20 Hollow porous microspheres with a model hydrophilic drug, e.g., gentamicin sulfate, were prepared 

by spray drying. The blowing agent in these formulations consisted of an emulsified fluorochemical (FCI oil. 
Emulsions were prepared with the following FCs: PFH, Freon 113, Perflubron and FDC. 1.3 grams of - 
hydrogenated egg phosphatidylcholine was dspersed in 25 mL deionized water using a Uitra-Turrax mixer 
(model T-25) at 8000 rpm for 2 to 5 minutes IT « 60-70). 25 grams of FC was added dropwise during mixing (T ' 

25 « 60'70°C). After the addtion was complete, the FC in- water emulaon was muted for a total of not less than 4 
minutes. The resulting emulsions were then further processed using an Avestin (Ottawa, Canada) high pressure - 
homogenizer at 15,000 psi and 5 passes. Gentamicin sulfate was dissolved in approximately 4 to 5 mL daonized 
water and subsequently mixed with the FC emulsion. The gentamicin powders were obtained by spray drying 
(Biichi, 191 Mini Spray Dryer). Each emulsion was fed at a rate of 2.5 mUmin. The inlet and outlet 

30 temperatures of the spray dryer were 85°C and 55°C respectively. The nebulization air and aspiration flows 
were 2800 L/hr and 1 00% respectively. 

A free flowing pale yellow dry powder was obtained for all formulations. The yield for the various 
formulations ranged from 35 to 60%. The various gentamicin sulfate powders had a mean volume weighted 
particle diameters that ranged from 1 .52 to 4.9 1 //m. 

35 

IV 

Effect of Biovtfino Aoent on the Moroholoav of 
Gentamicin Sulfate Sorav-Dried Powders 
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A strong dependence of the powder morphology, porosity, and production yield (onount of powder 
captured in the cydone) was observed as a function of the blowing agent boifing point In this respect the powders 
produced in Example III were observed using scanning electron microscopy. Spray drying a fluorochemical (FC) 
emulsion with a boiling point below the 55** C outlet temperature Je.g., perfluorohexane [PFH] or Freon 113), 
5 yielded amorphously shaped (shriveled or deflated) powders that contained little or no pores. Whereas, 
emulsions formulated vwth higher boiling FCs |e.g., perflubron, perfluorodecalin, FDC) produced spherical 
porous particles. Powders produced with higher bdling blowing agents also had production yields 
approximately two times greater than powders produced using relatively low boifing point blowing agents. 
The selected blowing agents and their boiling points are shown in Table II directly below. 

10 

Table II 



Blowing Agent 


(bp 'O 


Freon 113 


47.6 


PFH 


56 


FDC 


141 


Perflubron 


141 



Example IV illustrates that the physical characteristics of the blowing agent (i.e., boiling point) 
15 greatly influences the ability to provide perforated microparticles. A particular advantage of the present 
invention is the ability to alter the microstnicture morphology and porosity by modifying the conditions and 
nature of the blowing agent. 

V 

20 Preparation of Sorav Dried Albuterol Sulfate 

Particles using Various Blowino Aoents 

Approximately 1 85 ml of the following solutions were prepared for spray drying: 

49% wiw Hydrogenated Phosphatidylcholine, E100-3 

(Lipoid KG, Ludwigshafen, Germany) 
25 50% wlw Albuterol Sulfate 

(Accurate Chemical, Westbury, NY) 
1 % wlw Poioxamer 188, NF grade (Mount Olive, NJ) 
Deionized water. 

30 Blowing Agents: 

Perfluorodecalin, FDC (Air products, Allenton PA) 
Perfluorooctylbromide, Perflubron (Atochem, Paris) 
Perfluorobutylethane F4H2 (F-Tech, Japan) 
Perfluorotributylamine FTBA (3M, St. Paul, MN) 

35 

Albuterol sulfate powder was prepared by spray-drying technique by using a B-191 Mini Spray Drier 
(Buchi, Flawil, Switzerland) under the following conditions: 
Aspiration: 100% 
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Inlet temperature: 85 ° C 
Outlet temperature: 61 ""C 
Feed pump: 2.5 mUmin. 
N2 flow: 47 L/min. 

The feed solution was prepared by mixing solutions A and B prior to spray drying. 
Solution A : Twenty grams of water was used to dissolve 1.0 grams of Albuterol sulfate and 0.021 
grams of poloxamer 188. 

Solution B represented an emulsion of a fiuorocarbon in water, stabilized by a phospholipid, which 
was prepared in the following way. Hydrogenated phosphatidylcholine (1.0 grams) was homogenized in 150 
grams of hot deionized water (T - 50 to 60°C) using an Ultra-Turrax mixer (model T-25) at 8000 rpm, for 2 
to 5 minutes (T - 60-70''C). Twenty-five grams of Perflubron (Atochem, Paris, France) was added dropwise 
during mixing. After the addition was complete, the Huorochanical-in-water enulsion was mixed for at least 4 
minutes. The resulting emulsion was then processed using an Avestin (Ottawa, Canada) high-pressure homogenizer 
at 18,000 psi and 5 passes. Solutions A and B were combined and fed into the spray dryer under the 
conditions described above. A free flowing, white powder was collected at the cyclone separator as is 
standard for this spray dryer. The albuterol sulfate powders had mean volume weighted particle diameters 
ranging from 1.28 to 2.77 //m, as determined by an Aerosizer (Amherst Process Instruments, Amherst, MA). 
By SEM, the albuterol suifate/phospholipid spray dried powders were spherical and highly porous. 

Example V further demonstrates the wide variety of blowing agents that may be used to provide 
perforated microparticles. A particular advantage of the present invention is the ability to alter the 
microstructure morphology and porosity by manipulating the formulation and spray drying conditions. 
Furthermore, Example V demonstrates the partide (fiversity achieved by the present invention and the abiBty to 
effectively incorporate a wide variety of pharmaceutical agents therein. 

VI 

Preparation of Hollow Porous PVA Particles 
bv Spray Drvino a Water-in-oii Emulsion 
100 ml of the following solutions were prepared for spray drying: 

80% w/w Bis {2'ethylhexyl) Sulfosucdnic Sodium Salt, 

(Aerosol OT, Kodak, Rochester, NY) 
20% w/w Polyvinyl Alcohol, average molecular weight * 30,000-70,000 

(Sigma Chemicals, St. Louis, MO) 
Carbon Tetrachloride (Aldrich Chemicals, Milwaukee, Wl) 
Deionized water. 

Aerosol OT/poiyvinyl alcohol particles were. prepared by spray-drying technique using a B-191 Mini 
Spray-Drier (Buchi, Flawii, Svwtzeriand) under the f olioyving conditions: 
Aspiration: 85% 
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Inlet temperature: 60*^0 
Outlet temperature: 43''C 
Feed pump: 7.5 mUmin. 
Nj flow: 36 Umin. 

Solution A: Twenty grams of water was used to dissolve 500 milligrams of polyvinyl alcohol (PVA). 
Solution B represented an emulsion of carbon tetrachloride in water, stabilized by aerosol OT, which 
was prepared in the following way. Two grams of aerosol OT, was dispersed in 80 grams of carbon 
tetrachloride using a Ultra-Turrax mixer (model T-251 at 8000 rpm for 2 to 5 minutes (T - 15° to 20*'C). 

1 0 Twenty grams of 2.5% w/v PVA was added dropvuise during nuxing. After the addtioii was complete, the water- 
in-oii emulsion was nuxed for a totd of not less than 4 minutes IT - 1 S*' to 20"CK The resulting emulsion was then 
processed using an Avestin lOttawa, Canada) high-pressure homogerizer at 1Z000 psi and 2 passes. The emulsion 
was then fed into the spray dryer under the conditions described above. A free flowing, white powder was 
collected at the cyclone separator as is standard for this spray dryer. The Aerosol OT/PVA powder had a 

1 5 mean volume weighted particle diameter of 5.28 ± 3.27 fjm as determined by an Aerosizer (Amherst Process 
Instruments, Amherst, MA). 

Example VI further demonstrates the variety of emdsion systems (here, reverse waterin-oil), 
formulations and conditions that may be used to provide perforated microparticles. A particular advantage of 
the present invention is the ability to alter formulations and/or conditions to produce compositions having a 

20 microstructure with selected porosity. This principle is further illustrated in the following example. 

VII 

Preparation of Hollow Porous Polvcaprolactone 
Particles bv Sorav Drying a WateMn Oil Emulsion 
25 1 00 mis of the following solutions were prepared for spray drying: 

80% w/w SorUtan Monostearate, Span 60 (Aldrich Chemicals, Milwaukee, Wl) 
20% w/w Polycaproiactone, average molecular weight - 65,000 
(Alibich ChemicalSr Mihivaukee^ Wl) 
3 0 Carbon Tetrachloride ( Aldrkh Chemicals, Milwaukee, Wl) 

Deionized water. 

Span 60/polycaprolactone particles were prepared by spray-drying technique by using a B-191 Miri 

Spray-Drier (BucM, Hawil Switzerland) under the following conditions: 

35 Aspiration: 85% 

Inlet temperature: SO^'C 
Outlet temperature: 38°C 
Feed pump: 7.5 mUmin. 
N2 flow: 36 Umin. 
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A water incarbon tetrachloride emulsion was prepared in the following manner. Two grams of 
Span 60, was dspersed in 80 grams of carbon tetrachloride using an Ultra-Turrax mixer (model T-251 at 8000 
rpm for 2 to 5 minutes (T - 15 to 20*'C). Twenty grams of deionized water was added dropwise during 
mixing. After the addition was complete, the water-in-otl emulsion was mixed for a total of not less than 4 minutes 

5 IT - 15 to 20'C). The resiiting emulsion was then further processed using an Avestin (Ottawa, Canada) high- 
pressure homogerazer at 1Z000 psi and 2 passes. Five hundred milligrams of polycaproiactone was added 
directly to the emulsion and, mixed until thoroughly dissolved. The emulsion was then fed into the spray dryer 
under the conditions described above. A free flowing, white powder was collected at the cyclone separator 
as is standard for this dryer. The resulting Span 60/polycaprolactone powder had a mean volume weighted 

10 particle diameter of 3.15 ± 2.17 //m. Agan, the present Example demonstrates the versatility the instant 
invention writh regard to the feed stock used to provide the desired perforated microstructure. 



Vtll 

15 Preparation of hollow porous powder bv spray drvina a oas in-water emulsion 

The following solutions were prepared with water for injection: 
Solution 1: 

3.9% w/v m-HES bydroxyethylstarch (Ajinomoto, Tokyo, Japan) 

20 3.25% wfv Socfium chloride (Mallinckrodt St. Louis, MO) 

2.83% w/v Sodium phosphate, dibasic (MdHnckrodt, St. Louis, MO) 
0.42% w/v Sodiimi phosphate, monobasic (Mallinckrodt, St. Louis, MO) 



25 



Solution 2: 



0.45% w/v Poloxamer 188 (BASF, Mount Olive, NJ) 

1 .35% w/v Hydrogenated egg phosphatidylcholine, EPC-3 
(Lipoid KG, Ludwigshafen, Germany) 

The ingrecfients of solution 1 were dissdved in warm water using a stir plate. The surfactants in solution 2 
30 were dispersed in water using a Kgh shear mixer. The solutions were combined following emulsification and 
saturated with nitrogen prior to spray drying. 

The resulting dry, free flowing, hollow spherical product had a mean particle diameter of 2.6 ±1.5 
fjm. The particles were spherical and porous as determined by SEM. 
35 This example illustrates the point that a wide of blowing agents (here nitrogen) may be used to 

provide microstructures exhibiting the desired morphology. Indeed, one of the primary advantages of the 
present invention is the ability to alter formation conditions so as to preserve biological activity (i.e. with 
proteins), or to produce microstructures having selected porosity. 



40 IX 

Suspension Stability of Gentamicin Sulfate Sprav-Dried Powders 
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The suspension stability was defined as, the resistance of powders to cream in a nonaqueous 

mecfium using a dynamic photosedimentation method. Each sample was suspended in Perflubron at a 

concentration of 0.8 mg/mL. The creaming rates were measured using a Horiba CAPA-700 

photosedimentation particle size analyzer (Irvine, CA| under the following conditions: 

D(maxl: 3.00 x/m 

Dimin.): 0.30 //m 

D(Div): 0.10 //m 
Rotor Speed: 3000 rpm 

X: 10 mm 

The suspended particles were subjected to a centrifugal force and the absorbance of the suspension 
was measured as a function of time. A rapid decrease in the absorbance identifies a suspension with poor 
stability. Absorbance data was (dotted versus time and the area under the curve was integrated between 0.1 
and 1 min., which was taken as a relative measurement of stability. Figure 2 graphically depicts suspension 
stabDity as a function of RFC/PC ratio or porosity. In tlus case, the powder porosity was found to increase 
with increasing PFCfPC. Maximum suspension stability was observed with formulations having PFC/PC ratios 
between 3 to 15. For the most part, these fomnulations appeared stable for periods greater than 30 minutes 
using visual inspection techniques. At points beyond this ratio, the suspensions flocculated rapidly indicating 
decreased stability. Similar results were observed using the cream layer ratio method, where it was observed 
that suspensions with PFC/PC ratios between 3 to 15 had a reduced cream layer tivckness, indicating 
favorable suspension stability. 

X 

Preparation of Hollow Porous Particles of Albuterol Sulfate bv Sprav-Drvino 
Hollow porous albuterol sulfate particles were prepared by a spray-drying technique with a B*191 
Mini Spray-Ofier (Buchi, Flawil, Switzerland) under the following spray conditions: aspiration: 100%, inlet 
temperature: 85"* C; outlet temperature: 61 ®C; feed pump: 10%; flow: 2,800 Lfhr. The feed solution was 
pnepared by mixing two solutions A and B immediately prior to spray drying. 

Solution A: 20g of water was used to dssdve 1g of albuterol sulfate (Accurate Chemical, 
Westbury, NY) and 0.021 g of poloxamer 188 NF grade (BASF, Mount Olive, NJ|. 

Solution B: A fluorocarbon-in-water emulsion stabilized by phospholipid was prepered in the 
following manner. The phospholipid, 1g EPC'100*3 (Lipoid KG, Ludwigshafen, Germany), was homogenized in 
150g of hot ddonized water (T - 50 to 60**C) using an Ultra-Turrax mixer (model T-25) at 8000 rpm for 2 to 
5 minutes (T - 60-70® C). 25g of perfluorooctyl bromide (Atochem, Paris, France) was added dropwise during 
mixing. After the fluorocaibon was added, the emulsion was mfaced for a period of not less than 4 rrenutes. The 
resulting coarse emulsion was then passed through a high pressure homogenizer (Avestinr Ottawa, Canada) at 
18,000 psi for 5 passes. 
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10 



Solutions A and 6 were combined and fed into the spray-dryer under the contfitions described above. 
A free flowing, white powder was collected at the cyclone separator. The hdlow porous albuterol sulfate 
particles had a volume-weighted mean aerodynamic diameter of 1.18 ± 1.42 jjn\ as determined by a time-of- 
flight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). Scanning electron microscopy 
(SEM) analysis showed the powders to be spherical and highly porous. The tap density of the powder was 
detemiined to be less than 0.1 g/cm^. 

This foregoing example serves to illus^ate the inherent d versity of the present invention as a drug delivery 
platfonn capable of effectively incorporating any one of a number of phamnaceutical agents. The principle is further 
IDustrated in the next example. 



XI 

Preparation of Hollow Porous Particles of BDP hv Sorav DrvinQ 
Perforated microstructures comprising bedomethasone dipropionate (BDP) particles were prepared 
by a spray-drying technique with a B-191 Mini Spray-Drier (Bucht, Flawil Switzerland) under the following 

1 5 spray condtions: aspiratioa* 100%, inlet temperature: SB'^C; outlet temperature: 61 feed pump: 10%; N2 
flow: 2,800 Uhr. The feed stock was prepared by mixmg 0.1 1g of lactose with a fluorocarbon-in-water 
emulsion immediately prior to spray drying. The emulsion was prepared by the techiuque described below. 

74 mg of BDP (Sigma, Chemical Co., St. Louis, MO), 0.5g of EPC- 100-3 (Lipoid KG, Ludwigshafen, 
Germany), 15mg sodium oleate (Sigma), and 7mg of poloxvner 188 (BASF, Mount Olive, NJ) were dissolved 

20 in 2 ml of hot methanol. The methanol was then evaporated to obtain a thin film of the phosphoiipid/steroid 
mixture. The phosphoiipid/steroid mixture was then (fispersed in 64g of hot deionized water (T - 50 to 30^0 
using an Ultra-Turrax mixer (model T-25) at 8000 rpm for 2 to 5 minutes (T - 60-70''C). 8 g of perfiubron^ 
(Atochem, Paris, France) was added dropwise during mixing. After the addition was complete, the emdsion was 
mixed for an additional period of not less than 4 minutes. The resulting coarse emulsion was then passed through a 

25 high pressure homogenizer (Avestin, Ottawa, Canada at 18,000 psi for 5 passes. This emulsion was then used to 
fonn the feed stock wMch was spray dried as described above. A free flowing, white powder was collected at 
the cyclone separator. The hollow porous BDP particles had a tap density of less than 0.1 g/cml 

XII 

30 Preparation of Hollow Porous Particles of Cromolyn Sodium bv Sprav-Drvimi 

Perforated microstructures comprising cromolyn sodum were prepared by a spray-drying technique 
with a B-191 Mini Spray-Drier (Buchi, Flawil, Switzeriand) under the following spray conditions: aspiration: 
100%, inlet temperature: 85**C; outlet temperature: 6rC; feed pump: 10%; N2 flow: 2,800 L/hr. The feed 
solution was prepared by mixing two solutions A and B immediately prior to spray drying. 
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Solution A: 20g of water was used to dissolve 1g of cromolyn sodium (Sigma Chemical Co, St. Louis. 
MOI and 0.021 g of poloxamer 1 88 NF grade (BASF, Mount Olive, NJ). 

Solution B: A fluorocarbon-tn-water emulsion stabilized by phospholipid was prepared in the 
following manner. The phospholipid, 1g EPC-100-3 (Lipoid KG, Ludwigshafen, Gemiany), was homogenized in 
5 150g of hot deionized water (T - 50 to 30^*0 using an Ultra Turrax mixer (model T-251 at 8000 rpm for 2 to 
5 minutes (T - 60-70*'C). 27g of perfluorodecalin (Air Products, Allentown, PA) was added dropwise during 
mixing. After the fiuorocarfaon was adcted, the anulsion was mixed for at least 4 minutes. The resulting coarse 
emulsion was then passed through a high pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi f or 5 
passes. 

1 0 Solutions A and B were combined and fed into the spray dryer under the conditions described above. 

A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous cromolyn 
sodum particles had a volume-weighted mean aerodynamic diameter of 1.23 ± 1.31 jjm as determined by a 
time^of-flight analytical method (Aerosizer, Amherst Process Instruments, Amherst MA). As shown in Fig. 3, 
scanning electron microscopy (SEM) analysis showed the powders to be both hoBow and porous. The tap density of 

IS the powder was determined to be less than 0.1 glm\ 

XIII 

Preparation of Hollow Porous Particles of DMase I bv Sorav-Drvina 
Hdlow porous DNase I particles were prepared by a spray drying technique with a B-191 Mini 
20 Spray-Drier (Buchi, Hawil, Switzerland) under the following conditions: aspiration: 100%, inlet temperature: 
SOT; outlet temperature: 6rC; feed pump: 10%; N2 flow: 2,800 L/hr. The feed was prepared by mixing two 
solutions A and B immedately prior to spray drying. 

Solution A: 20g of water was used to cfissoive 0.5gr of human pancreas DNase I (Calbiochem, San 
Diego CA) and 0.01 2g of poloxamer 188 NF grade (BASF, Mount Olive, NJ). 
25 Solution B: A fluorocarbon-in-water emtdsion stabiBzed by phosphofipid was prepared in the 

following way. The phospholipid, O.S2g EPC-100-3 (Lipoid KG, Ludwigshafen, Gennany), was homogenized in 
87g of hot deionized water (T -> 50 to 60' C) using an Ultra Turrax mixer (model T-2&) at 8000 rpm for 2 to 5 
minutes (T - 60-70'C). 13g of perflubron (Atochem, Paris, France) was added dropwise during mixing. After 
the fluorocartson was addedl the emulsion was mbced for at least 4 minutes. The resdting coarse emtision was then 
30 passed through a Mgh pressure homogenizer (Avestin, Ottawa, Canada) at 18,000 psi for 5 passes. 

Solutions A and B were combined and fed into the spray dryer under the conifitions described above. 
A free flowing, pale yellow powder was collected at the cyclone separator. The hollow porous DNase t 
particles had a volume-weighted mean aerodynamic diameter of 1.29 ± 1.40 //m as determined by a time-of- 
fiight analytical method (Aerosizer, Amherst Process Instruments, Amherst, MA). Scanning electron 
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microscopy (SEM) analysis showed the powders to be both hollow and porous. The tap density of the powder was 
determined to be less than 0.1 gfcml 

The foregoing example hirther illustrates the extraordnary compatibiBty of the present invention with a 
variety of bioactive agents. That is, in addtion to relatively small, hardy compounds such as steroids, the 
5 preparations of the present invention may be fomiulated to effectively incorporate larger, fragile mdecules such as 
proteins and genetic material. 

XIV 

Preparation of Perforated ink Polymeric Particles bv Sorav Drvino. 
10 in the following hypothetical example, finely-divided porous spherical resin particles which may 

contain coloring material such as a pigment, a dye, etc. are fonned using the following f orm Jation in 
accordance with the teachings herein: 

Formulation: 

15 Butadiene 7.5 g co-monomer 

Styrene 2.5 g co-monomer 

Water 18.0 g carrier 

Fatty Acid Soap 0.5 g emulsifier 

n-Dodecyl Mercaptan 0.050 g modifier 

20 potassium persulfate 0.030 g initiator 

carbon Black 0.50 g pigment 

The reaction is allowed to proceed at 50*'C for 8 hours. The reaction is then terminated by spray 

25 drying the emulsion using a high pressure liquid chromatography (HPLCl pump. The emulsion is pumped 

through a 200 x 0.030 inch i.d. stainless steel tubing into a Niro atomizer portable spray dryer (Niro Atomize, 

Copenhagen, Denmark) equipped with a two fluid nozzle (O.Or i.d.) employing the following settings: 

Hot air flow rate: 39.5 CRM 

Inlet air temp.: 180**C 
30 Outlet air temperature: SO^'C 

Atomizer nitrogen flow: 45 Umin, 1 ,800 psi 
. Liquid feed rate: 33 mUmin 

It will be appreciated that unreacted monomers serve as Mowing agents, creating the perforated 
35 microstructure. The described formulation and conditions yield free flowing porous polymeric particles 
ranging from 0.1-100//m that may be used in ink formulations. In accordance with the teachings herein the 
microparticles have the advantage of incorporating the pigment directly into the polymeric matrix. The 
process allows for the production of different particle sizes by modifying the components and the spray 
drying conditions with the pigment particle diameter largely dictated by the diameter of the copolymer resin 
40 particles. 
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XV 

Andersen impactor Test for Assessing MDI and DPI Performance 
The MDIs and DPIs were tested using commoniy accepted pharmaceutical procedures. The method 
utilized was compliant with the United State Pharmacopeia (USP) procedure (Pharmacopeial Previews (1996) 
5 22:3065-3098) incorporated herein by reference. After 5 shots to waste. 20 shots from the test MDI were 
made into an Andersen Impactor. The number of shots employed for assessing the DPI formulations was 
dictated by the drug concentration and ranged from 10 to 20 actuations. 

Extraction procedure. The extraction from ail the plates, induction port, and actuator were 
performed in closed vials with 10 mL of a sutable solvent. The filter was installed but not assayed, because 

10 the poiyacrylic binder interfered with the analysis. The mass balance and particle size distribution trends 
indicated that the deposition on the filter was negligibly small. Methanol was used for extraction of 
beclomethasone dipropionate. Deionized water was used for albuterol sulfate, and cromolyn sodium. For 
albuterol MDIs, 0.5 ml of 1 N sodium hydroxide was added to the plate extract which was used to convert 
the albuterol into the phenolate form. 

15 Quantitation procedure. All drugs were quantitated by absorption spectroscopy (Beckman DU640 

spectrophotometer) relative to an external standard curve with the extraction solvent as the blank. 
Beclomethasone dipropionate was quantitated by measuring the absorption of the plate extracts at 238 nm 
Albuterol MDIs were quantified by measuring the absorption of the extracts at 243 nm, while cromolyn 
sodum was quantitated using the absorption peak at 326 nm. 

20 Calculation procedure. For each MDI, the mass of the drug in the stem (component -3), actuator (- 

2), induction port (-1) and plates (0-7) were quantified as described above. Stages -3 and -2 were not 
quantified for the DPI since this device was only a prototype. The main interest was to assess the 
aerodynamic properties of the powder which leaves this device. The Fine Particle Dose and Fine Particle 
Fraction was calculated according to the USP method referenced above. Throat deposition was defined as 

25 the mass of drug found in the induction port and on plates 0 and 1. The mean mass aerodynamic diameters 
(MMAD) and geometric standard diameters (GSD) were evaluated by fitting the experimental cumulative 
function with log-normal distribution by using two-parameter fitting routine. The results of these experiments 
are presented in subsequent examples. 

30 XVI 

Preparation of Metered Dose Inhalers Containino Hollow Porous Particles 
A pre-weighed ameunt of the hollow porous particles prepared in Examples I, X, XI, and XII were 
placed into 10 ml aluminum cans, and dried in a vacuum oven under the flow of nitrogen for 3 • 4 hours at 
40'C. The amount of powder filled into the can was determined by the amount of drug required for 
35 therapeutic effect. After tNs, the can was crimp sealed using a DF31/50act 50 I valve (Valois of America, 
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Greenwich, CT) and filled with HFA-134a IDuPont, Wilmington, DEI propellent by overpressure through the 
stem. The amount of the propeiiant in the can was determined by weighing the can before and after the fill. 

XVII 

Effect of Powder Porosity on MDI Performance 

In order to examine the effect powder porosity has upon the suspension stability and aerodynamic 
diameter, MDIs were prepared as in Example XVI with various preparations of perforated microstructures 
comprising gentamicin formulations as described in Example I. MDIs containing 0.48 wt % spray dried 
powders in HFA 134a were studied. As set forth in Example 1, the spray dried powders exhibit varying 
porosity. The formulations were filled in clear glass vials to allow for visual examination. 

A strong dependence of the suspension stabflity and mean volume weighted aerodynamic cSameter was 
observed as a function of PFC/PC ratio and/or porosity. The volume weighted mean aerodynamic diameter 
(VMAD) decreased and suspension stability increased with increasing porosity. The powders that appeared 
solid and smooth by SEM and TEM techniques had the worst suspension stability and largest mean 
aerodynamic diameter. MDIs which were formulated with highly porous and hollow perforated 
microstructures had the greatest resistance to creaming and the smallest aerodynamic dameters. The 
measured VMAD values for the dry powders produced in Example I are shown in Table III immediately below. 



Table III 



PFCfPC 


Powder VMAD, fjm 


0 


6.1 


1.1 


5.9 


2.2 


6.4 


4.8 


3.9 


18.8 


2.6 


44.7 


1.8 



XVIII 

Comparison of Creaming Rates in Cromolyn Sodium Formulations 
A comparison of the creaming rates of the commercial Intel formulation (Rhone-Poulenc Rorer) and 
spray-dried hollow porous particles formicated in HFA* 134a according to Example Xil (i.e. see Fig. 3) is shown 
in Figures. 4A to 4D. In each of the pictures, taken at 0 seconds, 30 seconds, 60 seconds and two hours 
after shaking, the commercial formulation is on the left and the perforated microstructure dispersion formed 
accordance with the present invention is on the right. Whereas the commercial Intel formulation shows 
creaming within 30 seconds of mixing, almost no creaming is noted in the spray-dried particles after 2 hours. 
Moreover, there was little creaming in perforated microstructure formulation after 4 hours (not shown). This 
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example clearly illustrates the balance in density which can be achieved when the hollow porous particles are 
filled with the suspension medium (i.e. in the formation of a homodispersion). 

XIX 

5 Andersen Cascade Impactor Results for Cromolyn Sodium MDI Formulations 

The results of cascade impactor tests for a commercially available product lintal\ Rhone Pouienc 
Rorer) and an analogous spray-dried hollow porous powder in HFA-134a prepared according to Examples XII 
and XVI are shown below in Table IV. The tests were performed using the protocol set forth in Example XV. 



10 Table IV 



Cromolyn Sodium MDIs 




MMAO 
(GSD) 


Throat 
Deposition, 


Fine particle fraction. 
% 


Fine Particle Dose, 

g 


Intal' ,CFC (n - 4) 
(Rhone Pouienc) 
800 //g dose 


4.7 ± 0.5 
11.9 ± 0.06) 


629 


24.3 ±2.1 


202 ±27 


Spray dried hoUovu porous 
powder, HFA 
(Alliance) (n- 3) 
300 U9 dose 


3.4 ± 0.2 
(2.0 ± 0.3) 


97 


67.3 ±5.5 


200±11 



The MDI fomiulated with perforated microstructures was found to have superior aerosol 
performance compared with inter. At a comparable fine particle dose, the spray dried cromolyn formulations 
possessed a substantially higher fine particle fraction C 87%), and significantly decreased throat deposition 
(6-fdd), along with a smaller MMAD value. It is important to note that the effective delivery provided for by 
the present invention allowed for a fine particle dose that was approximately the same as the prior art 
commercial formulation even though the amount of perforated microstructures administered (300 //gl was 
roughly a third of the Intaf dose administered (800 /yg|. 

XX 

Comparison of Andersen Cascade Imoactor Results for 
■ Albuterol Sulfate Microspheres Delivered From DPIs and MDIs 

The in vitro aerodynamic properties of hollow porous albuterol sulfate microspheres as prepared in 
Example X was characterized using an Andersen Mark II Cascade Impactor (Andersen Sampler, Atlanta GA} 
and an Amherst Aerosizer (Amherst Instruments, Amherst, MA). 

DPI testing. Approximately, 300mcg of spray-dried microspheres was loaded into a proprietary 
inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 
actuation of 50 /tI of pressurized HFA 134a through a long induction tube. The pressurized HFA 134a forced 
air through the induction tube toward the sample chamber, and subsequently aerosolized a plume of dry 

-60- 



3NSDOCID: <WO 99ie419A1_IA> 



15 



20 



25 



wo 99/16419 



PCT/US98/20602 



powder into the air. The dry powder plume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
chamber for particle size analysis. Ten actuations were discharged from the device into the impactor. A 30 
second interval was used between each actuation. The results were quantitated as described in Example XV. 

MPi testing. A MDI preparation of albuterol sulfate microspheres was prepared as in Example XVI. 
A single actuation was discharged into the aerosizer sample chamber for particle size analysis. Twenty 
actuations vwerc discharged from the device into the impactor. A 30 second interval was used between each 
actuation. Again, the results were quantitated as described in Example XV. 

The results comparing the particle size analysis of the neat albuterol sulfate powder and the 
albuterol sulfate powder discharged from either a DPI or MOI are shown in Table V below. The albuterol 
sulfate powder delivered from the DPI was indistinguishable from the neat powder which indicates that little 
or no aggregation had occurred during actuation. On the other hand, some aggregation was observed using 
an MDI as evidenced by the larger aerodynamic diameter of particles delivered from the device. 



Table V 



Samide 


Mean Size (//ml 


% under 5.4 //m 


95% under U/m) 


Neat powder 


1.2 


100 


2.0 


MDI 


2.4 


96.0 


5.1 


DPI 


1.1 


100 


1.8 



Similar results were observed when comparing the two dosage forms using an Andersen Cascade. 

20 Impactor (Figure 5). The spray-dried albuterol sulfate powder delivered from the DPI had enhanced deep lung.^ 
deposition and minimized throat deposition when compared with the MDI. The MDI fomiulation had a fine 
particle fraction (FPF) of 79% and a fine particle dose (FPD) of 77 //g/actuation, while the DPI had a FPF of 
87% and a FPD of 100//g/ actuation. 

Figure 5 and the Example above exemplifies the excellent flow and aerodynamic properties of the 

25 herein described spray-dried powders delivered from a DPI. Indeed, one of the primary advantages of the 
present invention is the ability to produce small aerodynamically light particles which aerosolize with ease and 
which have excellent inhalation properties. These powders have the unique properties which enable them to 
be effectively and efficiently delivered from either a MDI or DPI. This principle is further illustrated in the next 
Example. 

30 

XXI 

Comparison of Andersen Cascade Impactor Results for 
Beclomethasone Diprooionate Microspheres Delivered From DPIs and MDIs 
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The in vitro aerodynamic properties of hollow porous beciomethasone dipropionate (BDP) 
microspheres as prepared in Example Xi was characterized using an Andersen Mark II Cascade impactor 
{Andersen Sampler, Atlanta, GA) and an Amherst Aerosizer (Amherst Instruments, Amherst, MA). 

DPI testing. Approximately, 300//g of spray-dried microspheres was loaded into a proprietary 
5 inhalation device. Activation and subsequent plume generation of the dry powder was achieved by the 
actuation of of pressurized HFA 1348 through a long induction tube. The pressurized HFA 134a forced 
air through the induction tube toward the sample chamber, and subsequently aerosolized a plume of dry 
powder into the air. The dry powder plume was then taken in the cascade impactor by means of the air flow 
through drawn through the testing device. A single actuation was discharged into the aerosizer sample 
1 0 chamber for particle size analysis. Twenty actuations were discharged from the device into the impactor. A 
30 second interval was used between each actuation. 

MDI testing. A MDl preparation of beciomethasone dipropionate (BDP) microspheres was prepared 
as in Example XVI. A single actuation was discharged into the aerosizer sample chamber for particle size 
analysis. Twenty actuations were discharged from the device into the impactor. A 30 second interval was 
1 S used between each actuation. 

The results comparing the particle size analysis of the neat BDP powder and the BDP powder 
discharged from either a DPI or MDI are shown in Table VI immediately below. 

Table VI 



Sample 


Mean Size Um) 


% under 5.4 jjm 


95% under U/m) 


Neat powder 


1.3 


100 


2.1 


MDI 


2.2 


98.1 


4.6 


DPI 


1.2 


99.8 


2.2 



20 

As with Example XX, the BDP powder delivered from the DPI was indistinguishable from the neat 
powder which indicates that littie or no aggregation had occurred during actuation. On the other hand, some 
aggregation was observed using an MDI as evidenced by the larger aerodynamic diameter of particles 
25 delivered from the device. 

The spray-dried BDP powder delh^ered from the DPI had enhanced deep lung deposition and 
minimized throat deposition when compared with the MDI. The MDI formulation had a fine particle fraction 
(FPR of 79% and a fine particle dose (FPD) of 77 //g/actuation, while the DPI had a FPF of 87% and a FPD of 
lOOjE/g/ actuation. 

30 This foregoing example serves to illustrate the inherent cfiversity of the present invention as a drug 

delivery platform capable of effectively incorporating any one of a number of phamiaceutical agents and 
effectively delivered from various types of delivery devices (here MDI and DPI) currentiy used in the 
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pharmaceutical arena. The excellent flow and aerodynamic properties of the dry powders shown in the 
proceeding examples is further exemplified in the next example. 



5 XXII 

Comparison of Andersen Cascade Imoactor Results for 
Albuterol Sulfate Microspheres and Ventolin Rotacaps from a Rotahaler ^ Device 

The following procedure was followed to compare the inhalation properties of Ventolin Rotocaps^ ia 

commcrciaily available formulation) vs. albuterol sulfate hollow porous microspheres formed in accordance 

10 with the present invention. Both prepartions were discharged from a Rotohaler" device into an 8 stage 
Andersen Mark II cascade impactor operated at a flow of 60Umin. Preparation of the albuterol sulfate 
microspheres is described in Example X with albuterol sulfate deposition in the cascade impactor analyzed as 
described in Example XV. Approximately 300 fjg of albuterol sulfate microspheres were manually loaded into 
empty Ventolin Rotocap gelatin capsules. The procedure described in the package insert for loading and 

15 actuating drug capsules with a Rotohalef^ device was followed. Ten actuations were discharged from the 
device into the impactor. A 30 second interval was used between each actuation. 

The results comparing the cascade impactor analysis of Ventolin Rotocaps' and hollow porous 
albuterol sulfate microspheres discharged from a Rotohaler* device arc shown in Table VI immediately below. 

20 Table VII 



Sample 


MMAD 


Fine Partide Fraction 


Fine Particle Dose 


(GSO) 


% 


(mctiMase) 


Ventolin Rotacaps"|n-2) 


7.869 


20 


15 




(1.6064) 






Albuterol Sulfate 


4.822 


63 


60 


Microspheres (n - 31 


(1.90821 







The hollow porous dbuterol sulfate powder delivered from the Rotohaler"* device had a significantly 
higher fine particle fraction (3-fold) and a smaller MMAD value as compared with Ventolin Rotocaps\ In this 
25 regard, the commercially available Ventolin Rotocap^ formulation had a fine particle fraction (FPF) of 20% and 
a fine particle dose (FPD) of 1 5 )L/giactuation, whereas the hollow porous albuterol sulfate microspheres had a 
FPF of 63% and a PD of BOjjql actuation. 

The example above exemplifies the excellent flow and aerodynamic properties of the spray-dried 
powders delivered from a Rotahaler'' device. Moreover, this example demonstrates that fine powders can be 
3 0 effectively delivered without canier particles. 

XXlll 

Nebulization of Porous Particulate Structures Comnrisino 
Phosphofioids and Cromolyn sodium in Perfluorooctvlethane 
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using a MicfoMist Nebulizer 
Forty milligrams of the fipid based microspheres comsrang 50% cromolyn sodium by weight (as from 
Example XII) were dspersed in 10 ml perfiuorooctylethane (PFOE) by shaking, forming a suspension. The suspension 
was nebulized untO the fluorocarbon liqiid was delivered or had evaporated using a MicroMist (DeVilbiss) cfisposabie 

5 nebiiizer using a PdmoAide* air compressm' (OeVnbtssK As described above in Example XV, an Andersen Cascade 
Impactor was used to measure the resulting partida size distribution. More specifically, cromolyn soditm content 
was measured by UV adsorption at 326nm. The fine partide fraction is the ratio of particles deposited in stages 2 
through 7 to those deposited in all stages of the snpactor. The fine partide mass is the weight of material deposited 
in stages 2 throiqh 7. The deep lung fractiim is the ratio of partides deposited in stages 5 through 7 of the impactor 

10 (wKch correlate to the aivedi) to those depoated in aB stages. The deep lung mass is the weight of material 
deposited in stages 5 through 7. Table VIII immedatdy bdow provides a summary of the results. 



Table VIII 



Fine partide fraction 


fine parfide mass 


deep lung fraction 


deep lung mass 


90% 


6mg 


75% 


5mg 



15 

XXIV 

Nebulization of Porous Particulate Structures Comorisino 
PhosoholiDids and Cromdvn Sodium in Perfiuorooctylethane 
using a Raindrop* Nebulizer 

20 A quantity of Gpid based microspheres containing 50% cromdyn socfium, as from Example XII, weighing 40 

mg was dispersed in 10 ml perfiuorooctylethane (PFOE) by shaking, thereby fanning a suspension. The suspension 
was nebulized until the fluorocarbon liquid was ddhrered or had evaporated using a Raindrop* disposable nebuEz^ 
(Ndteor Puritan Bennet) connected to a PubnoAide* air compressor (DeVilbissl. An Andersen Cascade Impactor was 
used to measure the resdting partide size dstrbution in the manner described in Examples XV and XXIII. TaUe IX 

25 immediately below provides a smmary of the lesdts. 



TablalX 



Fine partide fraction 


fine particle mass 


Deep lung fraction 


deep lung mass 


80% 


4mQ 


80% 


3mg 



30 XXV 

Nebulization of Aqueous Cromotvn Sodium Solution 
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The contents of plastic vial contaning a urit dose inhalation solution of 20 mg of cromolyn socfium in 2 ml 
purified water (Dey Laboratories) was nebulized using a MicroMist disposable nebulizer (DeVilbiss) using a PulmoAide* 
air compressor (DeVilbiss). The cromdyn socfium solution was nebulized for 30 minutes. An Andersen Cascade 
Impactor was used to measure the resulting size cfistribution of the nebulized particles, by the method described 
5 above in Example XV. Table X immediately below provides a summary of the results. 



Table X 



fine partide fraction 


fine partide mass 


Deep lung fraction 


Deep lung mass 


go% 


7mg 


60% 


5mg 



With regard to the instant results, it will be appredated that, the f ornidations nebulized from fiuorocarbon 
suspension mediums in Exanples XXIII and XXIV provided a greater percentage of deep lung deposition than the 

1 0 aqueous solution. Such high deposition rates deep in the lung is partkrdariy desirable when deivering agents to the 
systemic drcdation of a patient 

Those skilled in the art wil further appredate that the present invention may be embodied in other specific 
forms without departing from the spirit or central attributes thereof. In that the foregoing description of the present 
invention disdoses only exemplary embodknents thereof, it is to be understood that other variations are 

1 5 contemplated as b&nq vuithin the scope of the present inventioa Accordingly, the present invention is not limited to 
the particular embodiments which have been described in detail herein. Rather, reference should be made to the 
appended claims as incficative of the scope and content of the invention. 

20 
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1. Use of a bioactive agent in the manufacture of a medicament for pulmonary ddivery whereby 
the medcament comprises a plurality of perforated microstnctures which are aerosolized using an inhalation device 

5 to provide aerosolized medicament comprising said bioactive agent wheran said aerosolized medcament is in a forni 
for administration to at least a portion of the nasal or pulmonary air passages of a patient in need thereof. 

2. The use of daim 1 wheiein said inhalation device comprises a metered dose inhaler, a dry 
powder inhaler or a nebiiizer. 

3. The use of claim 1 wherein said perforated mtcrostmctures are in the f omi of a dry powder. 

10 4. The use of daim 1 wherein said perforated microstructures are dispersed in a nonaqueous 

suspension mecfium. 

5. The use of any of dams 1 to 4 wherein said perfm^ated microstructures comprise a surfactant. 

6. The use of daim 5 wherein said surfactant is sdected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fiuorinated 

1 S surfactants and combinations thereof. 

7. The use of claims 5 or 6 wherein said surfactant is a phospholipid. 

8. The use of daim 7 wherein said phospholipid is selected from the group consisting of 
dilauroylphosphatidylcholine, cBoleylphosphatidylchdine, dipalmitoylphosphattdyichdine, 
disteroylphosphatidylchdine, dibehenoylphosphatidyl-chdine, diarachidoylphosphatidyichdine and 

20 combinations thereof. 

g. The use of any of claims 1 to 8 wherein the mean aerodynamic diameter of the perforated 
microstructures is between 0.5 and 5 >LAn. 

10. The use of any of claims 1 to 9 wherein said perforated microstructures have a bdk 
density of less than about 0.5 g/cm\ 
25 11. The use of any of ddms 1 to 10 wheran said perforated microstructures have a mean 

geometric diameter of less than about 5 //m. 

12. The use of any of dams 1 to 11 wherein said bioactive agent is selected from the group 
consisting of antialergics, bronchodilators, pdmonary lung surfactants, analgesics, antibiotks, leukotriene inhibitors 
or antagonists, antihistamines, antiinflammatories, antineoplastics, antichofinergics, anesthetics, anti-tubercuiar^ 

30 imaging agents, cardiovascdar agentSr enzymes, steroids, genetic material, vird vectors, antisense agents, protdns, 
peptides and combinations thereof. 

13. A method for fonning a perforated microstracture comprising the steps of: 
providing a liqud feed stock compiising an active agent; 

atorrazing said liquid feed stock to produce dispersed fiqud droplets; 
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drying said liquid droplets under predetermined conditions to form perforated microstructures comprising 

said active agent and 

collecting said perforated microstructures. 

14. The method of daim 1 3 wherdn said feed stock comprises a blowing agent. 

15. The method of daim 14 wherein said blowing agent comprises a nonfluorinated oil. 

16. The method of dam 14 wherdn said blowing agent comprises a fiuorinated compound. 

17. The method of dam 16 wherein said fluoiinated blowing agent has a boiling point greater than 

about etrc. 

18. The method of any of daims 13 to 1 7 wherein said feed stock cmnprises a collwdal system. 

1 9. The method of any of claims 1 3 to 1 8 wherein said feed stock comprises a surfactant 

20. The method of dam 19 wherein said surfactant is selected from the groi^i consisting of 
phosphdipids, nonionic detergents, nonioruc Mock copolymers, ionic surfactants, biocompatible fiuorinated 
surfactants and combinations thereof. 

21. The method of daim 1 9 or 20 wherein said surfactant is a phosphdipid. 

22. The method of daim 21 wherein said phospholipid is selected from the group consisting of 
dilauroylphosphatidytchoRne, cfideylphosphatidylchdine, dipalmitoylphosphatidylchdine, 
disteroylphosphatidylchdine dibehenoyiphosphatidyicholine, diarachidoylphosphatidylchdine and comtanations 
thereof. 

23. The method of any of damns 13 to 22 wherein said cdlected perforated nucrostructures 
comprise hdlow porous microspheres. 

24. The method of any of cMms 13 to 23 wherein the mean aerodynamic diameter of said 
collected perforated microstructures is between 0.5 and 5 fjm. 

25. The method of any of claims 13 to 24 wherein said perforated microstructures have a 
mean geometric diameter of less than about Bfjm, 

26. The method of any of claims 13 to 25 wherein said active agent comprises a bioactive 

agent. 

27. The method daim 26 wherein said taoactive agent is selected from the group consisting of 
antialergics, bronchodilators, pdmonary lung surfactants, andgesics, antibiotics, leukotiiene inhibitors or 
antagonists, antiMstamineSr antiinflammatories, antineoplastics, antichoBnergics, anesthetics, anti-tuberculars, 
imaging agems, cardiovascular agents, enzyme^ sterdds, genetic material, vird vector^ antisense agents, protdns, 
peptides and comlnnations thereof. 

28. The method of any of daims 13 to 27 wherein said atomization step is accomplished using a 
spray dryer. 

29. A perforated microstructure fomned according to any one of daims 13 to 28. 

30. A method for increasing the dspersibiiity of a powder comprising the steps of: 
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providng a liquid feed stock comprising an active agent; and 

spray drying said liquid feed stock to produce a perforated microstructure powder having a bulk 
density of less than about 0.5 g/cm^ wherein said powder exhibits reduced van der Waais attractive forces when 
compared to a relatively non-porous powder of the same composhioa 
S 31 . The method of daim 30 wherein said liquid feed stock comprises a blowing agent 

32. The method of daim 31 wherein said blowing agent comprises a nonfluorinated oil. 

33. The method of daim 31 wherein said Mowing agent comprises a fluorinated compound. 

34. The method of dam 33 wherein said flinrinated compound has a boiling point of greater than 
about 60''C. 

1 0 35. The method of any of daims 30 to 34 wherein said feed stock comprises a surfactant. 

36. The method of daim 35 wherein said surfactant is selected from the group consisting of 
phosphdipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 
surfactants and combinations thereof. 

37. The method of daim 35 or 36 wherein said surfactant is a phospholipid. 

1 5 38. The method of daim 37 wherein said phospholipid is selected from the group consisting of 

dilauroyiphosphatidylcholine, ddeylphosphatidyichoiine, dipalmitoylphosphatidylcholine, 

disterdylphosphatidylchdine dibehenoylphosphatidylcholine, diarachidoylphosphatidylcholine and combinations 
thereof. 

39. The method of any of daims 30 to 38 wherein said perforated microstructures comprise hollow 
20 porous nucrospheres. 

40. The method of any of daims 30 to 39 wherein said actwe agent comprises a bioactive agent 

41. The method daim 40 wherein sad bioactive agent is selected from the group consisting of 
antiaHergics, bronchodilators, pulmonary lung surfactants, analgesics, antibiotics, teukotriene inhibitors or 
antagonists, antihistamines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, anti-tuberculars, 

25 imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, antisense agents, proteins, 
peptides and combinations thereof. 

42. A perforated nacrostructure powder fomted according to any one of daims 30 to 41 . 

43. A powder having increased dsperaUGty comprising a pluraGty of perforated microstructures 
having a bulk density of less than about 0.5 g/cm^ wherein said perforated microstructure powder comprises an 

30 active a^nt. 

44. The powcter of daim 43 wherein said powder comprises hdlow porous microspheres. 

45. The powder of claims 43 or 44 wherein the mean aerodynamic diameter of said perforated 
microstractures is between 0.5 and 5 fjm. 

46. The powder of any of dams 43 to 45 wherein said perforated microstructures have a 
3 S mean geometric diameter of less than about 5 i/m. 
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47. The powder of any of daims 43 to 46 wherdn said perforated microstructures comprise a 
surfactant 

48. The powder of daim 47 wherein said surfactant is selected from the group consisting of 
phospholipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 

5 surfactants and combinations thereof. 

49. The powder of claim 47 or 48 wherein said surfactant is a phospholipid. 

50. The powder of claim 49 wherein said phospholipid is selected from the group consisting of 
dilauroylphosphatidylcholine, doleylphosphatidylchoiine, dipaimitoylphosphatidylchoiine, 
disteroyiphosphatidylcholine dibehenoyiphosphatidylchotine, diarachidoylphosphatidylchoiine and combinations 

10 thereof. 

51. The powder of claim any of daims 43 to 50 wherein said active agent is a bioactive agent. 

52. The powder of claim 51 wherein sad bioactive agent is selected from the group consisting 
of antiailergics, bronchodlators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors or 

15 antagonists, antihistamines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, anti* 
tubercuiars, imaging agents, cardiovascular agents, enzymes, steroids, genetic material, viral vectors, 
antisense agents, proteins, peptides and combinations thereof. 

53. An inhalation system for the pulmonary administration of a bioactive agent to a patient 
comprising: 

20 an inhalation device comprising a reservoir; and 

a powder in said reservoir wherein said powder comprises a plurality of perforated 
microstructures having a bulk density of less than about 0.5 g/cm^ wherein said perforated irncrostructure 
powder comprises a bioactive agent whereby said inhalation device provides for the aerosoBzed administration of 
said powder to at least a portion of the nasal or pulmonary air passages of a patient in need thereof. 
25 54. The syston of daim 53 wherein said inhalation device comprises a dry powder inhaler, a metered 

dose inhaler or a nebulzer. 

55. The system of daim 53 wheran said perforated microstructures are ifispersed in a nonaqueous 
suspension mecfium. 

56. The system of daim 55 wherein sad nonaqueous suspension medium comprises a fluorinated 
30 compound. 

57. The system of any of daims 54 to 56 wherein said perforated microstructures comprise a 
surfactant. 

58. The system of daim 57 wherein said surfactant is sdected from the group consisting of 
phosphdipids, nonionic detergents, nonionic block copolymers, ionic surfactants, biocompatible fluorinated 

3 5 surfactants and combinations thereof. 
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B9. The system of claims 57 or 58 wherein said surfactant is a phospholipid. 

60. The system of any of daims 54 to 59 wherein said bioactive agent is selected from the group 
consisting of antialtergics, brore:ha(filators, pulmonary lung surfactants, analgesics, antibiotics, leukotriene inhibitors 
or antagonists, antihistamines, antiinflammatories, antineoplastics, anticholinergics, anesthetics, anti-tubercuiars, 

5 imaging agents, cardiovascuiar agents, enzymes, steroids, genetic mateiial, viral vectors, antisense agents, proteins, 
peptides and combinations theiBof. 

61 . A method for the pulmonary delhrery of one or more bioactive agents comprising the steps of: 
providing a powder comprising a plurality of perforated microstructures having a bulk density of less 

than about 0.5 g/cm^ wherein said perforated microstructure powder comprises a bioactive agent; 
1 0 aerosolizing said perforated microstructure powder to provide an aerosolized medicament; and 

adnunistering a therapeutmally effective amount of said aerosolized meiScament to at least a portion of the 
nasal or pulmonary air passages of a patient in need thereof. 
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1A1 PFC/PC = 0 "«A2 




1B1 PFC/PC =1.1 1B2 




1C1 PFC/PC = 2.2 1C2 

FIG . I (SHEET 1 OF 2) 
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